Depicted here are International Nickel’s two newest operating mines in the Sudbury District of Ontario— 
Clarabelle Open Pit and Crean Hill. 

NEW Today’s improved open-pit methods, modern equipment such as giant electric shovels and rotary drills, and 
advances in metallurgical processes make it economically feasible to mine low-grade ore at Clarabelle, Inter- 


national Nickel’s only operating surface mine. 

NICKE Crean Hill (below) is one of seven underground mines—six in the Sudbury area and the Thompson mine in 
Manitoba. Annual total ore production at all eight mines is more than 13 million short tons. 

MIN ES Two additional underground mines—Copper Cliff North in the Sudbury District and Birchtree near Thompson 
—are currently under development. 
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P< 
by 
Henry S. Wingate, Chairman 
The International Nickel Company of Canada, Limited 


The presence here of many leaders in research, indus- 


try and education is a tribute which we greatly ap-- 


preciate. It is an inspiration to all of us at International 
Nickel—particularly those who will be carrying on, 
the work of this institution. Your support makes 
clear that we are together in a common cause—to 
gain insight from each other’s pioneering efforts—to 
share in the success of our various explorations. 

I am inclined to think it must have crossed your 
minds, when you arrived here today, that here is a 
most fortunate use of nature—everything in sharp 
contrast with the atmosphere and pressures of the 
centers of commerce and industry, where most of us 
spend our working lives. Certainly, we enjoy here 
a favorable environment for the pursuit of creativity 
and useful knowledge. The transfer of International 


Mr. Wingate delivered this address at the dedi- 
cation of International Nickel’s new research 
facility in Sterling Forest, Orange County, New 
York, on October 29. Concurrent with the dedi- 
cation of the Paul D. Merica Research Labora- 
tory, International Nickel’s laboratory in Birming- 
ham, England, is being expanded and modernized. 


And the dedication occurred a little over a year 
before the scheduled opening of another new nickel 
research center — this one in Toronto. These new 
and expanded facilities represent an intensification 
of International Nickel’s more than 60-year-long 
search for new and better ways to use nickel. 


Nickel’s heritage in research to these fresh surround- 
ings can only make our investigations more unfet- 
tered and more productive. 

We have named this center the Paul D. Merica 
Research Laboratory. It is a clean-cut new facility 
but, in reality, only the setting, the building, some of 
the apparatus and the layout of activities are new. 
Research at International Nickel goes back to the 
beginnings of the company in 1902. 

Our annual report for that year reported on our 
efforts to introduce nickel for new applications, and 
it stressed the importance of these efforts to our fu- 
ture success. By 1919, research had become a major 
activity. Dr. Merica in that year came to us from the 
Bureau of Standards in Washington. Soon, he became 
director of research and gave inspiring leadership to 
our work. He helped make it of central concern to 
us to know all we can of the ways in which nickel 
can create a better or less costly product. 

Dr. Merica’s likeness is portrayed in nickel silver 
in a plaque placed in the main entrance. This labora- 
tory isa tribute to him as a renowned physical metal- 
lurgist and fifth president of International Nickel, 
and it is a testimonial to how our directors assess the 
performance record of the men who have constituted 
our research staffs, as well as to our conviction in the 
continuing value of research. 


Research Accomplishments 


Inco’s research teams have scored many accomplish- 


ments. One notable achievement helped make jet 
transportation a practical reality. Early in World War 
I, Sir Frank Whittle, the inventor of the first suc- 
cessful jet engine, came to us with a request for an 
alloy that would retain its strength at 1,000 degrees F. 
In less than a year, it was our laboratories which pro- 
duced the high-temperature alloy that met Sir Frank’s 
requirements. 

Since then, new and dramatically more powerful 
engines have called for much higher levels of heat 
resistance. We now have alloys that keep their 
strength at temperatures above 1,800 degrees F. 

Whittle’s request led to a whole series of alloys for 
many different uses. Just this week, the Ford Motor 
Company announced the development of a prototype 
turbo-driven truck—a vehicle especially designed for 
the National Highway System scheduled for com- 
pletion in 1970. The truck’s engine is the latest appli- 
cation of one of our high-temperature alloys known 
as alloy 713LC. It must resist gas temperatures as 
high as 1,750 F and the stress of turbine operation at 
75,000 revolutions per minute. 

I might turn to another example of International 
Nickel’s research, which goes to the lower extreme 
of the thermometer. A petroleum producer was 
studying a method of dewaxing gasoline by taking 
it down to extremely low temperatures. A steel was 
required for piping and containing vessels that would 
retain its toughness under those severe conditions. ‘To 
meet this need we succeeded in developing an alloy 
steel (and later, a series of steels) that today serves 
a whole range of cryogenic uses. 

As most of you know, the greater use of liquefied 
gases in industry—and especially of oxygen in steel 
production—has created a highly important demand 


The Paul D. Merica Research Laboratory occupies over three acres of a 150-acre 
tract on the shores of Blue Lake in Sterling Forest, a research and educational com- 
munity in Orange County, some 45 miles north of New York City. The H-shaped 
building, contemporary in design, has a steel, glass, fieldstone facade, with nickel 
stainless steel copings, trim and hardware. There are over 200,000 square feet of floor 


space in three wings. It is named for the late Paul D. Merica. 
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for new alloys to transport and store them. Oxygen 
and other gases are best stored in liquid form—and 
this requires vessels and piping that can retain both 
strength and toughness under high pressures and low 
temperatures. It was Inco research that provided an 
alloy steel for this purpose. Within our own smelting 
operations in Ontario, Inco itself is making extensive 
use of this steel in a major expansion of our oxygen- 
producing capacity. 

A significant new cryogenic application has 
gone into a recently built French ship — the 
Jules Verne. It will transport natural gas from A]- 
geria to France in liquid form, thereby concen- 
trating huge amounts of gas in relatively limited 
cubic space. 

Research in International Nickel’s laboratories has 
also led to several series of maraging steels. Maraging 
is a metallurgical process for strengthening ferrous 
alloys. Its development involved challenging, and 
then blasting, the accepted hypothesis that carbon is 
necessary to strengthen steel. As a result of this re- 
thinking by our research staffs, high-strength marag- 
ing steels are now produced throughout the steel in- 
dustry. They have their greatest initial demand in 
the field of aerospace. 


New Maraging Steel 


Today I am able to announce the extension of the 
maraging concept from the nickel-cobalt-molybde- 
num system to a nickel-chromium-molybdenum sys- 
tem. Our own investigations, extended by intensive 
work among members of the steel industry, have now 
established this additional basic type of maraging 
steel—at the 12 per cent nickel level—with high yield 
strength, impressive resistance to fracture, and with 


Paul Dyer Merica, the renowned metal- 
lurgist for whom International Nickel’s 
new laboratory was named.Dr. Merica, 
a former president of International 
Nickel, directed the establishment of 
the organization’s first full-scale labora- 
ory in Bayonne, New Jersey, in 1924. 
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An artist’s sketch of the new International Nickel research center now being built as part of the Sheridan Park Ontario Research 


Community near Toronto. The laboratory will conduct process research to develop processes for extracting and refining nickel 
and other elements from its ores. It will also conduct product research aimed at developing new nickel applications, as well as 
geophysical and mineralogical research. The research center is expected to be completed about the end of 1965. 


ease of heat treatment and fabrication. 

This new grade of steel has potential for aerospace 
and hydrospace uses, along with missile applications. 
Steel producers will be prepared to offer it commer- 
cially in a variety of product forms. We regard it as 
a major development. 

Many new steels are expected to follow in the 
maraging family. Thus, one line of our current re- 
search, still in its early stages, gives promise of corro- 
sion-resistant maraging steels—without loss of the 
principal advantages associated with present marag- 
ing steels. 


Research Approach 


The work of International Nickel’s laboratories has 
been basically oriented to the needs of industry and 
all echelons of consumers. It is these needs which 


The first objective of research at the Merica Laboratory is the 
development of new alloys containing nickel, including steels, 
cast irons, and nickel-base, copper-base and aluminum-base 
alloys. After preliminary stages, a development project usu- 
ally moves to the bench laboratories. At this intermediate 
state, experimental alloys are produced in small quantities 
under strictly controlled conditions. 


determine the priority of programs undertaken by 
our research staffs. We engage ourselves primarily in 
two lines of research: One—to develop new nickel 
alloys; and two—to study those factors (composition, 
temperatures, pressure, processing or whatever) that 
control the properties associated with these alloys. 

Our research people are encouraged to conduct 
programs that solve problems, like—Why does a cer- 
tain alloy lose its strength above such and such a tem- 
perature? And—what factors of structure and chemi- 
cal composition determine the properties of an alloy 
at elevated temperatures? 

These questions are not formulated in a vacuum, 
but rather they originate in industrial or consumer 
needs. 

Our people are in close touch with our customers. 
They locate prospective applications and they define 


In the laboratory’s large pilot-plant areas, alloys can be devel- 
oped to a stage that considerably narrows the time between 
invention and acceptance by industry. This is usually not pos- 
sible in a laboratory. After experimental alloys are melted and 
cast by a variety of methods which are standard industrial 
practice, they are forged and hot- and cold-rolled for subse- 
quent testing. 


the requirements of these applications in terms of the 
conditions under which an alloy must perform. The 
specific properties necessary to deal with these con- 
ditions are determined, and our research staffs study, 
identify and interpret the critical factors that will be 
capable of creating the required properties. 

We don’t try to set up fixed boundary lines between 
fundamental research or applied research. We look 
for that research which we think would have the ca- 
pacity to throw light on problems relative to our in- 
dustry and to our customers. The ability to formulate 
in advance the creative questions to be pursued is 
critical. Inevitably, our questions relate to the nature 
and potential of nickel and its behavior with other 
metals, rather than to questions primarily concerned 
with the ultimate atomic and electrical nature of 
matter. 

In posing the questions to be explored, we accept 
the risk that many lines of inquiry will prove unpro- 
ductive, but our experience gives basis for confidence 
that an ample proportion of questions will be an- 
swered with rewarding results. 

As you have gathered, the mission of research at 
International Nickel is closely related to the world- 
wide marketing role of International Nickel. Our 
research is committed to the service of our customers 
and their customers’ customers—because our present 
and our future depend on their assessment of the value 
of our services. I am speaking of the services of nickel 
and our other products (in all their forms) in assuring 
quality and efficiencies to the end-user, and in pro- 
viding market opportunities for those who directly 
buy our products. Also, I am referring to the help we 
are able to give by dissemination of reliable technical 
data from the reservoir of specialized knowledge we 
have accumulated, by the constant development of 
new knowledge, and by focusing attention on the 
economic and commercial significance to others of 
what we have learned. 


The Future 


Looking forward, our purpose is to have many new 
developments—in the maraging steels, in the stainless 
steels, in nickel-base alloys, in copper-base alloys and, 
looking further into the future, in alloys based on the 
more exotic elements, such as columbium. 

In the coming years, will developments on the scale 
of ductile iron or maraging steel or high-temperature 
alloys come out of this laboratory? I wouldn’t wager 
against it. Along with much else today, the process of 
invention is moving at a furious pace. 

We are in what has been called the “Knowledge 
Explosion.” Scholars are reported to be doubling our 
resources of knowledge every ten years. Nine of 


Alloys under development at the laboratory are melted in induction, 
vacuum, arc or electroslag furnaces, depending upon the basic type of 
alloy being developed. The Paul D. Merica Laboratory is equipped 
with every type of furnace used by modern industry. 


The Merica Laboratory uses advanced equipment to test the properties 


and behavior of alloys, for detailed information on these matters is 
essential to designers and engineers in determining the suitability of a 
material to a particular application. This equipment, for example, tests 
resistance to creep and rupture at elevated temperatures. 


every ten scientists who ever lived are said to be liv- 
ing and carrying on research today. The most ad- 
vanced techniques of information control—in scien- 
tific libraries, in scientific publishings and in com- 
munication—all have great difficulty in coping with 
the torrent of findings flowing from the laboratories 
of universities, industry, foundations and government. 
In our special field of metallurgy, few days go by 
when one of our research people is not presenting a 
paper on a new process, on a new alloy, or on a new 
application. All of this activity is igniting the growth 
rate of the economy and the opportunities open to 
the metal industry and our own companies. 

Until quite recently, economic growth rested on 
several forces: expanding markets, the opening of 
new natural resources, the growth of population, and 
the expansion of markets assisted by enterprise and 
salesmanship. Today there are present all these forces, 
plus the force of accelerated research. Research is 
multiplying the choices in the market place—choices 
closely related to need and function. Research has 
clearly proved itself one of the finest investments an 
enterprise can make in behalf of itself or its custom- 
ers. And competition leaves business no option but 
to supply new choices to the market place—and to 
make the best use of research to create them. 

In making these comments, I would like to place 
on the record the large role that universities perform 


today, not only in developing talent for the labora- 
tories of industry, but in carrying on programs of 
more basic research which prepare the groundwork 
for further special investigation. The association of 
industry and the universities holds out high promise 
for measurable results in helping create new products, 
new enterprises and new employment. 

I would like to acknowledge the splendid coopera- 
tion that the research staffs of our industrial custom- 
ers have extended to International Nickel. You have 
encouraged us; you have counseled us in the selection 
of research programs responsive to your needs, and 
we hope you will continue to do so. We trust you 
will continue to take the results of our pilot-plant 
studies that suggest practical value, to develop them 
further in the light of your superior knowledge of 
your industry and finally, to bridge whatever gaps 
remain between the discovery made and tested in the 
laboratory and the commercial product ready to face 
the fire of competition. We will strive to show initia- 
tive, imagination and market-mindedness to antici- 
pate and keep pace with your own research and com- 
mercial operations. 

We hope that all of you, our guests, and your asso- 
ciates will visit this new laboratory often and share 
some of our own excitement in the possibilities it 
offers in opening up the unknown. You will always 
be most welcome. 


One of the major areas of research at the new laboratory is concerned with the development of improved decorative and pro- 
tective coatings, as well as improved anode materials for the plating industry. The laboratory also conducts development work 


in nickel electroforming. Here, an electroformed nickel prototype is taken from a solution tank. 
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THIS 
THIRSTY 
_ EARTH 


One morning last February a 
small group of officers and men, 
armed with crowbars and acety- 
lene torches, headed for two large 
cast iron pipes leading into the 
huge U. S. naval base at Guanta- 
namo. The source of the pipes lay 
beyond a chain-link fence which 
separates the installation from Cu- & 
ban territory. The group was led i. 
Rear Admiral John D. Bulkeley, base commander, 
who had won the Congressional Medal of Honor for 
helping General Douglas MacArthur escape from 
Corregidor. The admiral was fighting mad. Earlier, 
Fidel Castro had cut off water supplies to the base 
and now he was accusing Admiral Bulkeley of using 
suction pumps to draw off Cuban water. Bulkeley’s 
reply was, “Hogwash.” Guantanamo was using its 
own water supplied to the base by Navy tankers. He 
ordered his men to cut the pipes, shutting off Castro’s 
water and shutting up the voluble dictator. 

It was obvious that transportation of fresh water to 
the base from the mainland could be only a temporary 
measure at best. Some permanent source of fresh 
water had to be found to keep the base operating at 


top efficiency. 

On February 26, 1964, news- 
paper headlines proclaimed that 
a sea-water conversion plant 
would be removed from its site 
near San Diego, California, and 
reconstructed at Guantanamo to 
produce vitally needed fresh 
water. If it had not been fully real- 
ined before, the importance of the na- 
tion’s saline water conversion program now became 
obvious to all. Transfer of the plant from the Depart- 
ment of the Interior’s Office of Saline Water to the 
Department of the Navy took place as part of the 
Government’s urgent program to make the naval 
base self-sufficient. The unit has been “on stream”’ 
producing fresh water at Guantanamo from Carib- 
bean sea water since early last summer. 

The conversion of sea water to fresh is not a new 
idea. For centuries man has known how to do it. The 
basic concept of boiling water and condensing it is as 
old as history. But each civilization seems to redis- 
cover problems which have plagued its predecessors, 
and the problem of water supply is no exception. In 
fact, the history of man’s progress and failure in many 


lands parallels his success or defeat in harnessing 
water. 

Man’s awareness of the need for pure water is found 
in his earliest writings. From a Sanskrit text written 
about 2000 B.C. comes the following: “It is good to 
keep water in copper vessels, to expose it to sunlight, 
and to filter it through charcoal.” Another ancient 
text from a later period has the following sound ad- 
vice: “Impure water should be purified by boiling 
over a fire, or being heated in the sun, or by dipping 
a heated iron into it, and then allowed to cool, or it 
may be purified by filtration through sand and coarse 
gravel.” The Palace of Minos on the island of Crete, 
also dating from about 2000 B.C., had a system for 
water conservation. Water, in fact, was at the roots 
of the civilizations that sprang up on the banks of the 
Nile, the Tigris and Euphrates, the Indus, the Ganges 
and the Yangtze Rivers. “After the passion of love,” 
it has been said, “water rights have caused more trou- 
ble to the human race than anything else.” The im- 
portance of water cannot be overemphasized. Its uses 
are almost infinite—we capture its energy in the form 
of hydroelectric power, we fish in it for food and 
sport, we use its surface for recreation and transpor- 
tation. It quenches our thirst, nurtures our forests and 
fields. So vital is water to our everyday living, it can 
mean the difference between economic health or de- 
cay and, to a great extent, it governs our standard of 
living. 

And yet today man does not have enough water to 
meet his needs. It has been estimated that over 200 
million urban people do not have access to a water 
supply that, by modern standards, is ample and safe. 
And all over, the population is increasing. In the home, 
on the farm and in industry, the United States, for 
example, requires well over 300 billion gallons of 
water per day. This figure is expected to increase to 
453 billion gallons per day by 1975. 

Recognizing the gravity of the water shortage in 
the U.S. and, in fact, throughout the world, Congress 
in 1952 passed the Saline Water Act which authorized 
the establishment of the Office of Saline Water in the 
U.S. Department of the Interior to develop practical 
low-cost means of producing, from sea water or from 
other saline waters, potable water of a quality suitable 
for agricultural, industrial and municipal purposes. 

As research activities of the Office of Saline Water 
expanded in the early years, it became apparent that 


there was a need for a facility where testing of new 
processes, especially at the pilot-plant level, could be» 


conducted at a seashore location. 


In June 1956, through the cooperation of Interna-. | 


tional Nickel, the Office of Saline Water set up an 
experimental facility at Inco’s Harbor Island Corro- 
sion Laboratory in North Carolina. Various pilot 
plants, including the prototype of the first saline 


water conversion demonstration plant in the United 
States—the one million-gallon-per-day plant at Free- 
port, Texas—were operated there for about seven 
years. About three years ago, the State of North 
Carolina donated to the Department of the Interior 
a 25-acre site at Wrightsville Beach, near the Harbor 
Island laboratory, for an East Coast water conversion 
facility. Subsequently, it was decided to also locate 
the OSW’s Research and Development Test Station 
on the same site. The East Coast conversion facility 
is one of five large plants located in different areas of 
the country, each testing a different type of conver- 
sion process. 


Five Processes 


The Freeport, ‘Texas, plant uses a 12-effect long-tube 
vertical distillation process. In this system, steam is 
admitted into the first effect or evaporator. The steam 
fills the space around the outside of the tube bundle, 
causing part of the sea water to boil as it falls through 
the tubes. A mixture of vapor and hot brine emerges 
at the bottom of the evaporator. The hot brine is then 
pumped into the second evaporator where, under 
slightly reduced pressure, it again falls through the 
inside of the tubes. The vapor produced in the first 
effect flows to the outside of the tube bundle in the 
second evaporator. Here the vapor is condensed to 
fresh water by giving up its latent heat of vaporiza- 
tion to the sea water falling through the tubes which 
again causes part of the water in the tubes to boil. 
This same process is repeated through all 12 effects 
of the plant. 


The second demonstration plant, formerly located 
near San Diego and now at Guantanamo, makes use 
of multistage flash distillation. In this process, sea 
water is progressively heated under appropriate pres- 
sure and then introduced into a large chamber where 
a lower pressure just below the boiling point of the 
hot brine is maintained. When the brine enters this 
chamber, the reduced pressure causes part of the 
liquid to boil or flash into steam. The remaining brine 


Copper-nickel alloy tubing is widely used 
in saline water conversion processes. _ 


The Research and Development Test Station of the Office of Saline Water, United S 
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tates Department of the Interior, at 


Wrightsville Beach, North Carolina. Also located here is one of the five plants established by the OSW. 


is passed through a series of similar chambers at suc- 
cessively higher vacuum where the flash process is 
repeated at progressively lower temperatures. 

The progressive heating is accomplished by piping 
the incoming sea water through the flash chambers, 
starting at the low-temperature end. In each cham- 
ber, the flashed vapor condenses as it gives up its heat 
to the cooler sea water in the condenser. Final heat- 
ing of the sea water, before flashing, uses process 
steam. With this arrangement, about 90 per cent of 
the heat from this source is re-circulated. 

It has long seemed feasible to try methods that re- 
move the salt from water instead of removing the 
much larger amount of water from salt. A method 
which utilizes this approach to the problem—known 
as electrodialysis—has been intensively studied by the 
Office of Saline Water and by private industry. It is 
the process that was selected for demonstration in the 
plant at Webster, South Dakota. 

Electrodialysis takes advantage of the fact that 
salts, when dissolved in water, are present in the form 
of negatively and positively charged ions. An elec- 
trodialysis cell, as utilized in this process, consists of 
a sandwich of alternating cation and anion permeable 
membranes. Upon the application of an electric cur- 
rent, the positively charged ions (such as sodium) 
pass through the cation permeable membranes, and 
the negatively charged tons (such as chloride) move 
in the opposite direction and pass through the anion 
permeable membranes. The water in the center cham- 
ber of each membrane sandwich is thus depleted of 
salt while the water passing through the intervening 
pairs is enriched. 

Since the amount of electricity and current density 
required is directly proportional to the salt concen- 
tration of the water to be treated, this method is not 
at this time considered economically competitive with 
other processes for the purification of sea water with 
its high salt content. Problems are presented also by 
the presence of organisms suspended in sea water 
which cause clogging of the membranes. For the de- 
mineralization of moderately brackish ground water 
relatively free of suspended solids, however, it offers 
attractive possibilities. 

The fourth process is a forced-circulation vapor- 


compression system in which saline water is forced 
up through a tube bundle in an evaporator. A mix- 
ture of vapor and hot brine emerges at the top of the 
tubes. The vapor is pumped off and compressed, thus 
raising its temperature. The compression step in- 
creases the energy content of the vapor enough for it 
to be returned to the evaporator to serve as the heat- 
ing medium. As it condenses, it gives up heat in sufh- 
cient amounts to boil more salt water in the tubes. 
This process—which efficiently uses the heat input 
and thus saves on fuel costs—was selected for demon- 
stration in a plant at Roswell, New Mexico, which, 
like the Freeport and Guantanamo units, has a capac- 
ity of one million gallons a day. 

The demonstration plant at Wrightsville Beach 
utilizes a freezing process. An ice crystal is pure 
water. But when sea water freezes, the salt crystals are 
trapped between the ice crystals. The problem is to 
separate the salt and ice crystals economically. 

Three different freezing processes are under devel- 
opment by the Office of Saline Water. One method 
flash-evaporates pre-cooled sea water by pumping it 
into a vacuum chamber where the low pressure causes 
enough of the heat remaining in the sea water to flash 
into vapor, with the result that about one-seventh of 
the sea water freezes. Another method uses a sec- 
ondary refrigerant, such as butane, in direct contact 
with the sea water to produce an ice-brine mixture. 
The third process also uses a secondary refrigerant, 
but under controlled conditions to produce a much 
larger ice crystal. 

The conversion of salt water by freezing, a rela- 
tively new process, is thought by the Office of Saline 
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Water to have considerable potential. Freezing has 
several inherent advantages over conventional distil- 
lation processes, including the lower energy required 
to freeze sea water as compared to that needed for 
evaporation. 

While these five processes are by no means the only 
ones by which sea water or brackish water can be 
converted into fresh water, they are among the most 
important, and much valuable information is being 
obtained by testing them at the various sites. Prior to 
the erection of these units, the most efficient conver- 
sion plants were producing fresh water at costs rang- 
ing upwards of $1275 per thousand gallons. While 
this compares favorably with the cost of conversion 
in the early 1950's, which ranged upwards of $4.00 
per thousand gallons, the cost of conversion in the 
demonstration plants has been reduced to $1.00-—$1.25 
per thousand gallons. 


A Matter of Materials 


One of the most important problems faced by de- 
signers of saline water conversion plants is the proper 
selection of materials to withstand the implacable 
corrosivity of salt water. This was, of course, one of 
the reasons the Office of Saline Water set up its initial 
experimental facility at International Nickel’s Harbor 
Island Corrosion Laboratory. For from that labora- 
tory there has issued forth a steady stream of infor- 
mation on marine corrosion ever since 1935. The 
knowledge gained through the laboratory’s testing 
programs has been helpful in the selection of the ap- 
propriate alloys for the various desalting processes. 
Indeed, in some cases, it has even led to the develop- 
ment of new alloys. 

Research at Harbor Island firmly established the 
use of 90-10 copper-nickel in heat-exchanger tubes 
and piping because of its superior resistance to high- 
velocity effect. It also proved the effectiveness of 
MONEL* nickel-copper alloys in resisting corrosion 
and thermal shock which accompanies descaling in 
some salt water processes. NI-BRAL* nickel-aluminum 


FIVE PROCESSES AT FIVE OSW PLANTS 


Area Location Process Capacity 
Gulf Coast Freeport, Long-tube 1,000,000 
Texas vertical gallons per 
multi- day 
effect dis- 
tillation 
West Coast San Diego, Multistage 1,000,000 
California flash dis- gallons per 
tillation day 
Northern Webster, Electro- 250,000 
Great South dialysis gallons per 
Plains Dakota (membrane day 
Process) 
Arid areas Roswell, Forced-cir- 1,000,000 
of the New Mexico culation gallons per 
Southwest vapor-com- day 
: pression 
ast Wrightsville Freezi 
Coast Beach, Bat te er 
North Carolina aay : 
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Rear Admiral John D. Bulkeley, commander of the U. S. 
naval base at Guantanamo, supervises the severing of 
the pipe to Cuba’s water supply. The admiral cut the 
pipe after Castro cut off the water. A saline water con- 
version plant now provides water for the base. 


bronze is another material, developed for use in 
pumps and other marine applications, used in a num- 
ber of the desalting processes. And NI-RESIST* cor- 
rosion-resisting cast iron and Type 316 nickel stain- 
less steel have been found successful materials for 
valves, pumps and impellers handling brine. 

But the war against corrosion is a never-ending 
one. Much remains to be learned. Just recently a new 
series of corrosion tests was undertaken by the 
Office of Saline Water. These tests, to be conducted 
cooperatively by Battelle Memorial Institute and In- 
ternational Nickel at Harbor Island, are designed to 
evaluate the corrosive effects of hot sea water on 
metals to be used in equipment for conversion plants. 
Among the materials under study will be steels, cop- 
per-nickel and other copper-base alloys, high-nickel 
alloys and stainless steels. A “dynamic corrosion loop 
facility” will be erected to simulate conditions found 
in operational conversion plants. Salt water will be 
drawn directly from the ocean, heated, and piped 
through the loop system to various environmental 
chambers where samples will be placed. Water tem- 
peratures in the loop will range from 100 degrees to 
400 degrees F, with velocities of two to 40 feet per 
second. Ways will be sought to predict how metals 
will perform in contact with water containing vari- 
ous amounts of oxygen. Heat transfer effects also will 
be studied as well as methods to control the formation 
of scale on equipment surfaces when sea water is 
heated. 

How long it will take to achieve final mastery of 
all the problems associated with salt water conver- 
sion is anyone’s guess. Tremendous strides have al- 
ready been made, but much work lies ahead. The 
potential rewards, however, are worth all the effort. 
For, as President Johnson recently stated, “There is 
no newer or more vital frontier for any of us than the 
one we must cross to a lasting abundance of fresh 
water for all mankind.” 


*International Nickel Trademark 


sage 
saws about 


science 


As a divertissement germane to news elsewhere in this issue of intensifi- 
cation of International Nickel’s research activities in the United States, 
Canada and the United Kingdom, we offer you herewith a sampling from 
the rich treasury of sage saws about science. 


“Science is nothing but trained and organ- 
ized common sense, differing from the lat- 
ter only as a veteran may differ from a raw 
recruit; and its methods differ from those 
of common sense only as far as the guards- 
man’s cut and thrust differ from the man- 
ner in which a savage wields his club.” 
—Thomas Henry Huxley 


“Science and art belong to the whole world, 
and before them vanish the barriers of na- 
tionality.”” —Johann Wolfgang von Goethe 


“The main difference of modern scientific 
research from that of the Middle Ages, the 
secret of its immense success, lies in its 
collective character, in the fact that every 
fruitful experiment is published, every new 
discovery of relationships explained.” 

—H. G. Wells 


“The trail to industrial advancement in 
modern times is blazed by research."’ 
—Paul D. Merica 


“Great discoveries and improvements in- 
variably involve the cooperation of many 
minds.”’ —Alexander Graham Bell 


“If | have ever made any valuable discov- 
eries, it has been owing more to patient 
attention than to any other talent.” 

—Sir lsaac Newton 


“Research is a high-hat word that scares a 
lot of people. It needn’t be. Essentially it is 
nothing but a state of mind—a friendly, 
welcoming attitude toward change.” 
‘—Charles F. Kettering 


“The best insurance policy for the future of 
an industry is research, which will help it to 
foresee future lines of development, to 
solve its immediate problems, and to im- 
prove and cheapen its products.”’ 

—Sir Harold Hartley 


“‘The industrial research laboratory has be- 
come firmly fixed as a vital and necessary 
part of the structure of modern technologi- 
cal industry. No major decision regarding 
the products with which a business deals, 
whether they be goods or services, is made 
without its advice.”’ —Frank B. Jewett 
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Buried deep beneath Saskatchewan’s fertile wheatlands is 
another source of wealth—vast deposits of potash. Saskatchewan, 
whose principal industry has long been agriculture, has in 
recent years emerged as a major producer of potash. 


>= BENEATH THE ~ 


By Ronald Anderson, Financial Writer, The Globe and Mail, Toronto 
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Wie the Kalium Chemicals Limited potash mine 

near Regina, Saskatchewan, went into produc- 
tion recently, a good part of the world’s fertilizer 
chemicals industry was, figuratively speaking, stand- 
ing by to watch the results. 

The widespread interest testified to the mine’s 
more than usual significance: it is the world’s first 
potash solution mine and, if it proves to be as success- 
ful and economical as the company hopes, it will 
vastly increase the recoverable reserves of the world’s 
largest deposit of potash, an important ingredient in 
fertilizers. It could also cause investors elsewhere to 
recalculate the economics of potash developments in 
other countries. 

The first potash was man made, literally the ash 
remaining in a pot after water had been added to 
hardwood ashes and then boiled dry to leave a white 
residue. This “pot ash” was a crude form of potassium 
carbonate and was used principally in the manufac- 
ture of soap. The term is now used for all compounds 
containing potassium, and mines, not hardwood- 
burning asheries, are the source of the world’s potash 
supply. 

Saskatchewan’s potash is the residue of an ancient 
sea that covered large areas of the prairie provinces 
in the Middle Devonian age more than 300 million 
years ago. When the sea was cut off from the main 
ocean body, the water evaporated, precipitating its 
salts in a great bed. The potash represents the final 
precipitation of the most soluble materials. 

Today, potash deposits lie far below the Saskatch- 
ewan wheatlands, at depths ranging from 3,000 to 
3,500 feet at the shallow northern edge, to 5,000 feet 
at Regina and 7,000 feet at Saskatchewan’s southern 
boundary. In places, the deposits have an aggregate 
depth of 100 feet—an immense depth when it is con-. 
sidered that about 70 feet of sea water must evapo- 
rate to yield one foot of potash. The total area of the 
potash beds has never been calculated. “The thing is 
so vast that we’ve just never bothered to measure it,” 
Donald Mode, director of the Mines Branch of the 
province’s Department of Mineral Resources, told 
an interviewer recently. 

The recoverable reserves in the deposits that are 
less than 3,500 feet from the surface are estimated at 
6.4 billion tons of potassium oxide. Virtually all of 
the land in this shallow deposit area has been blan- 
keted by exploration and development permits taken 
out by a score of companies, many of them interna- 
tional organizations with potash interests elsewhere. 

Kalium Chemicals claims that its solution mining 
process will increase the recoverable reserves by 40 
times and will permit full development of a source of 
potash that it estimates is adequate to meet the world’s 


requirements, at present rates of consumption, for 
8,000 years. 


Solution mining is the technique of pumping liquid 
through bore holes down to underground mineral 
beds. The liquid dissolves the minerals, and the solu- 
tion is then brought to the surface where the fluid is 
removed by evaporation. Solution mining is widely 
used in the recovery of salt and sulphur, but all at- 
tempts to adapt the technique to potash mining have, 
until now, ended in failure. One of the chief problems 
is that potash is associated with salt in the deposits, 
and it is difficult to recover a concentrated solution 
of potash without dissolving the salt. Previous at- 
tempts to recover potash by this means had been too 
inefficient to be of economic interest. Kalium engi- 
neers say they have succeeded in solving this prob- 
lem, and are able to recover a maximum of potash 
with relatively little salt. Kalium Chemicals, a joint 
venture of Pittsburgh Plate Glass Company and 
Armour & Company, started shipping limited 
amounts of muriate of potash in October. Full-scale 
production is scheduled to start in January 1965 at 
the rate of 600,000 tons a year. 

The Kalium mine at Belle Plaine is the third to go 
into production in Saskatchewan. International Min- 
erals & Chemical Corporation opened a conventional 
room-and-pillar mine at Esterhazy in 1962. An ex- 
pansion program is increasing its capacity from 1.2 
million to 1.6 million tons. And the Potash Company 
of America is planning to resume production at its 
Patience Lake mine near Saskatoon, which had been 
closed since 1959. Capacity will be 600,000 tons annu- 
ally. 


Capacity Growing 

The three mines, if all goes well, will have a com- 
bined capacity in 1965 of 2.8 million tons. Meanwhile, 
IMC is at work constructing a second shaft six miles 
from its present mine, which will increase potential 
product capacity by 1968 to four million tons. Kalium 
expects to have a capacity of one million tons by 
then. A fourth company, Alwinsal Potash of Canada 
Ltd., let the main contracts last July for sinking a 
shaft and building a refinery at Lanigan, 70 miles east 
of Saskatoon. The $50 million project is planned to 
be completed in 1968 or 1969, with an initial capacity 
of one million tons. 

Also, United States Borax & Chemical Corp. has 
announced plans for a $60 million potash mine at 
Allan, 35 miles southeast of Saskatoon. The company 
hopes to start production early in 1968 with a capac- 
ity of one million tons annually. 

On the basis of announced plans, capacity of the 
Saskatchewan potash industry could reach 7.6 million 
tons in 1968 or 1969. This would be the equivalent of 
more than 4.7 million tons of potassium oxide (K2O), 
the measurement commonly used for potash. Muri- 
ate of potash, the major potassium compound used in 
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fertilizer and the chief product of the Saskatchewan 
mines, is the equivalent of 62.2 per cent K,O. Since 
world potash output in 1963 amounted to about 10.4 
million tons of KO, and the predicted production 
in 1965 will be 11.8 million tons, it is expected that 
the huge volume of new production in Saskatchewan 
will have a major impact on world markets. 

Chemical Week, the authoritative industry maga- 
zine, predicted in 1963 that world production of K,O 
would total 16,850,000 metric tons in 1970. The rank 
of the largest producers, the publication said, likely 
would be: the United States, 3.6 million tons; Canada, 
2.7 million; U.S.S.R., 2.4 million, West Germany, 2.1 
million, East Germany, two million, and France, 1.7 
million tons. The stepped-up plans of Saskatchewan 
producers, however, suggest that Canada may be- 
come the world’s biggest producer before 1970. 


How It All Started 

Development. of the Saskatchewan deposits, which 
now is proceeding so rapidly, almost didn’t happen— 
or at least not until a shortage of potash had devel- 
oped elsewhere. The prairie deposits had been known 
to exist since the early 1940’s when potash was iden- 
tified in oil well cores. Later discoveries indicated not 
only that the reserves were large, but that they were 
unusually rich, the K,O content ranges from 25 to 
35 per cent, compared with 20 to 25 per cent for the 
best ores at Carlsbad, New Mexico. (Discovery of 
the potash salts near Carlsbad in 1925 marked the start 
of the potash mining industry in North America.) 

It was clear from the beginning that development 
of the Saskatchewan deposits would be enormously 
costly, technically difficult and risky. This fact im- 
posed certain characteristics on the Saskatchewan in- 
dustry: development could be undertaken success- 
fully only by large companies, the mines had to be 
big to justify the high capital costs, and the resulting 
high volume of production had to find outlets in 
world markets. The chief cause of difficulties was the 
Blairmore formation, a 200-foot to 300-foot-thick 
layer of mucky sand and salt water under very high 
pressure about 1,500 to 2,000 feet below the surface 
of the ground. Water must be kept out of a conven- 


tional potash mine, since the ore is soluble, and it has 


proved to be extraordinarily difficult to sink a water- 
tight shaft through the Blairmore. 
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International Minerals began exploratory work at 
Esterhazy in 1955. The company needed a new sup- 
ply of ore, but it knew that some awesome technical 
problems would have to be overcome to develop a 
Saskatchewan mine. For a long while it gave careful 
deliberation to several alternatives: whether to open 
a mine in Utah, where a discovery had been made, 
expand its operations in New Mexico, or take a chance 
on Saskatchewan. Thomas M. Ware, IMC president, 
told the Investment Dealers’ Association of Canada 
recently that the high grade of the Saskatchewan ore 
and tax incentives available in Canada finally tipped 
the balance in favor of the Esterhazy mine. But, he 
added, the job turned out to be even bigger than had 
been anticipated. 

Two years were lost in trying to get through the 
Blairmore. The problem finally was solved by adopt- 
ing a European technique called tubbing. The entire 
section of the shaft first was frozen into one big mass 
of ice. Pavement breakers then were used to chip a 
way through the ice, and a $1 million five-inch-thick 
cast steel sleeve was put in place and sealed to hold 
back the water and soil pressures. After the Blair- 
more, ten more water-bearing formations were en- 
countered, but fortunately they were less difficult. 
When the 18-foot shaft had been completed to the 
3,132-foot level, the cost, merely for the hole in the 
ground, was $10 million—double the amount that had 
been expected. 

When the mine was started, IMC had simply been 
looking for an additional source of potash for its U.S. 
market. “Our thinking had to leap ahead as our shaft 
costs went up,” said Mr. Ware. “Our approach then 
shifted to world markets and we came to look at our 
market as 50 per cent United States, 10 per cent Can- 
ada and 40 per cent to other continents and foreign 
countries.” 

Mr. Ware said the magnitude of the project, in 
which the company now has an investment of $72.5 
million, had forced IMC to transform itself into an 
international company with global interests. 


SOME NOTABLE APPLICATIONS OF 
NICKEL-CONTAINING MATERIALS 
AT KALIUM CHEMICALS PLANT 


MONEL* alloy 400 cladding on evaporators. 
MONEL alloy 400 and 70-30 copper-nickel alloy for 


tubes and tube sheets in solution heaters. 


MONEL alloy 400 for 7-inch-diameter pump shafts, 
centrifuges, impellers. 


NI-RESIST* cast iron for pump bodies and valves. 


Type 316 nickel stainless steel for large pumps 
used in solution mining. 


Solution Mining 
When Kalium Chemicals decided to develop a potash 


mine, the idea of solution mining for potash had vir- 
tually been abandoned by the industry. It had been 
tested in Saskatchewan and, over the past 50 years, in 
Germany, New Mexico and Britain. Always the ex- 
periments had failed. The technique, however, prom- 
ised to be particularly valuable in Saskatchewan if it 
could be developed successfully. The Blairmore, 
which had proved such an obstacle to shaft digging, 
would not stand in the way of sinking bore holes for 
a solution mine. Also, solution mining would not be 
limited to shallow deposits. The need for roof sup- 
port tends to limit the depth of a conventional mine 
and reduces the amount of ore that can be removed. 
In solution mining, on the other hand, the entire 
deposit can be mined because the opening is sup- 
ported by fluid pressure. 

When Kalium became interested in solution min- 
ing ten years ago, it first reviewed all previous at- 
tempts to solution-mine potash and attempted to 
determine why they had failed. The company’s re- 
search staff then looked for ways of avoiding similar 
pitfalls and tested several theories to find a workable 
approach. At last, in 1960, a pilot operation was 
started at the site of the present plant. When the pilot 
plant was closed in 1963, the company was satisfied 
that it had learned enough of the answers to go ahead 
with development of a solution mine. 


* International Nickel Trademark 


Kalium Chemicals Limited’s $50 million plant at Belle Plaine, Saskatchewan, is specially designed for processing potash recovered 
by solution mining. Full-scale production is scheduled to start in January 1965. About 1,250,000 pounds of nickel—in NI-RESIST 


corrosion-resisting cast irons nickel-copper alloys and copper-nickel alloys—are used in the refinery. 


The company has, naturally, not disclosed the de- 
tails of its technique, but the big refinery at Belle 
Plaine—one of the most massive industrial plants in 
Western Canada—represents a $50 million bet that the 
system will work. 

The refinery is equipped with a double bank of 
MONEL alloy 400-clad 130-foot-high evaporators, the 
largest of their type ever built, to process the large 
amounts of potash-rich solution drawn up from the 
beds almost a mile below the plant. Salt removal starts 
in the evaporators and continues in the 90-foot- 
diameter thickening tank. Iron and other impurities 
are removed partly in the thickener and completely 
in the crystallization process. The result is a white 
product, in contrast with the pink color of most 
North American potash. The company believes the 
purity of its product will be an important competi- 
tive advantage, and it has taken pains to prevent iron 
contamination. “In addition to removing iron and 
other impurities,” H. Vise Miller, sales vice president 
of Kalium, has said, “we keep them out during proc- 
essing by the use of MONEL nickel-copper alloy 
piping and cladding on all vessels.” 

Nickel-containing materials, in fact, are widely 
used throughout the plant—in valves, circulating 
pipes and pumps—because they remain unaffected by 
the corrosive nature of the sclution. In total, over one 
million pounds of nickel—in NI-RESIST corrosion- 
resisting cast irons, nickel-copper alloys, and copper- 
nickel alloys—are used in the plant. 

Kalium’s confidence in its process has attracted re- 
newed interest among other companies in the possi- 
bilities of solution mining. At least three companies— 
Imperial Oil Ltd., Duval Sulphur and Potash, and 
Southwest Potash—are carrying out experiments in 
this method of potash recovery. 

Byron P. Edmonds, manager of mining for Kalium, 
feels sure that some or all of the companies carrying 
out pilot operations will be successful and that there 
eventually will be other solution mining ventures in 
Saskatchewan on a commercial scale. “But we at 
Kalium,” he said recently, “feel we have a head start 
and we expect to keep at least a few months ahead of 
the pack.” 

Meanwhile, other companies with properties in the 
shallow-deposit area are stepping up plans for new 
conventional potash mines. Further extensive devel- 
opment of the Saskatchewan deposits is expected 
over the next decade. 

At present, world potash supply and demand are 
in approximate balance. Five years from now, it is 
expected in the industry, a substantial but temporary 
surplus may develop as a result of expanding produc- 
tion in the United States, the Soviet Union, East and 
West Germany, Israel and the Congo, as well as in 


Penetration of Saskatchewan’s Blairmore formation (a layer 
of mucky sand and salt water about 1,500 to 2,000 feet beneath 
the surface) to reach the potash deposits below presented a 
formidable obstacle. In establishing a conventional mine at 
Esterhazy, International Minerals & Chemical Corporation 
solved the problem by a European technique called tubbing. 
In effect, a vertical tunnel was sunk through the Blairmore. 
Kalium Chemicals Limited took a different tack to overcome 
the Blairmore obstacle, using the solution mining approach. 
There was no difficulty in sinking bore holes instead of shafts 
through the Blairmore. 


Saskatchewan. The medium and long-term outlook 
for potash, however, is considered excellent. 

Increasing awareness of the need to replenish the 
soil nutrients, from the viewpoint of farm economics, 
and the pressure of expanding world population on 
limited food supplies have led to a rapid increase in 
the use of chemical fertilizers since the Second 
World War. 

Fertilizer production has doubled in the past dec- 
ade to a world total of about 40 million tons a year, 
of which potash accounts for an estimated 27 per 
cent. To meet this demand, output cf potash has been 
stepped up from 4.8 million tons of K2O in 1948 to 
10.3 million tons in 1963. To satisfy the continuing 
annual increase in world demand will require the 
opening of one new large mine each year, authorities 
report. By the end of the century, it is predicted that 
the world’s consumption of potash will have tripled 
to 35 million tons a year. 
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i 1 “ ee ; 
by William G. White 
President, Consolidated Freightways, Inc. 


About The Author: As a railroad man turned 
trucker, William G. White is enthusiastic about 
both modes of transportation and feels each has an 
important role to play in an efficient over-all trans- 
portation system. Mr. White has been president of 
Consolidated Freightways, Inc. since 1960. Prior to 
that, he spent 24 years in railroading with the Dela- 
ware, Lackawanna and Western Railroad Com- 
pany. Consolidated Freightways, Inc., with head- 
quarters in San Francisco, operates the largest motor 
carrier in the United States. A subsidiary, Canadian 
Freightways Ltd., is a leading trucking firm in 
Western Canada. 


Trucking Comes of Age 


A. a Western missile base a giant stainless steel vac- 
uum bottle on wheels delivers a load of liquid hydro- 
gen at a temperature of 423 degrees F below zero. At 
a nearby construction site another insulated trailer 
unloads hot asphalt at 400 degrees F above zero. And 
at a dairy farm a few miles away a set of pneumatic 
tank trailers blows a load of feed into automatic feed- 
ing bins above the herd, while a gleaming tanker de- 
parts with a load of fresh milk for the bottling plant. 

In Seattle, a trailer load of frozen foods bound for 
Fairbanks, Alaska, arrives at an Alaska Steamship 
Company pier. The insulated trailer body is detached 
from its wheels and lifted aboard ship, becoming in 
effect a large container. An automatic refrigerating 
unit is plugged into ship’s power and the pre-set tem- 
perature will be maintained inside the container until 
it is transferred at Seward or Anchorage to a flat car 
of the Alaska Railroad. The refrigerating unit is now 
plugged into train power for the trip to Fairbanks. 
There it will be placed on another set of wheels and 
delivered to a supermarket by the same trucking 
company that originally loaded it in Idaho. 


In San Francisco, a flatbed truck-trailer delivers 
a load of plywood to a construction site. A few min- 
utes later the driver unrolls a collapsible rubber tank 
which when filled resembles a huge sausage. On the 
return trip to the plywood mill he'll be hauling thou- 
sands of gallons of liquid glue on the same flatbed, 
which has been converted into a temporary tank 
truck. 

None of these things was being done a few short 
years ago, yet today they are commonplace. Each is 
typical of the endless versatility of the motor truck. 
They illustrate the trucking industry’s characteristic 
ability to develop new equipment and new tech- 
niques wherever there is an economic need or oppor- 
tunity. 

These and other developments also help explain 
why trucking is second only to agriculture as the 
largest single source of employment in the United 
States. There are some 13 million trucks in this coun- 
try today, providing direct employment for more 
than 8 million people and responsible for total expen- 
ditures currently estimated at $55 billion. This, then, 
is the trucking industry, an industry which includes 
literally every person or business that operates a truck. 


Regulated Motor Carriers 


It was less than 30 years ago that the U.S. Congress 
took notice of the fledgling motor carrier industry 
and brought it under Federal regulation as part of the 
national transportation system. Since the end of 
World War II trucks have increased their share of 
total intercity freight revenues from 15 to 46 per 
cent, about the same amount as that of the railroads. 
The remainder is divided among water carriers, air- 
ways and pipelines. Such a change involves profound 
changes in our economy and can appropriately be 
described as a transportation revolution. 

There are two broad general categories within the 
trucking industry: for-hire trucking, transportation 
for compensation of freight that belongs to someone 
else, and private carriage, transportation of one’s own 
goods in one’s own trucks or in leased trucks under 
direct control. Despite its over-all size and impor- 
tance, for-hire trucking is predominantly composed 
of relatively small businesses. In 1963, an estimated 
$8.6 billion in freight revenues were generated by the 
nearly 17,000 intercity motor carriers reporting to 
the Interstate Commerce Commission. Of these, only 
3,600 were Class I and II carriers with annual rev- 
enues exceeding $200,000, and they accounted for 
approximately 80 per cent of the total revenue. There 
are, of course, many additional thousands of intra- 
state and local for-hire carriers which are not under 
ICC jurisdiction. 


Drive and determination were more important 
than capital in launching a trucking operation 30 or 
40 years ago, and many of our largest and most suc- 
cessful companies began with a single truck driven by 
its owner. In recent years, an increasing number of 
the industry’s larger companies have made the transi- 
tion from private to public ownership. Today, there 
are more than 50 publicly held truck lines, compared 
to only 13 in 1956. This change has been widely ac- 
companied by the development of new managerial 
concepts and controls. There has also been an accel- 
erating trend of motor carrier mergers and consoli- 
dations. The number of carriers reporting to the ICC, 
for example, has declined from 26,408 in 1940 to 
16,835 in 1962. Continuation of this trend seems in- 
evitable, and eventually we may see the number of 
interstate carriers reduced to a few hundred. 

It is safe to predict, however, that such a situation 
would intensify rather than lessen competition with- 
in the industry, a competition which has always been 
strong and aggressive. And since a similar trend of 
mergers among the railroads appears certain, it will 
be a long time before any single motor carrier will 
approach the size of our larger rail systems in terms 
of revenue or tons handled. 


Most Trucks Privately Owned 


Unlike the railroads, however, the trucking industry 
is not composed entirely or even largely of common 
carriers. For-hire vehicles account for only 8 per cent 
of the nation’s truck fleet. We must include all pri- 
vately owned vehicles to get a true picture of the 
volume of goods transported by truck. 

The estimated value of transportation services per- 
formed by private trucks in intercity commerce is 
$11 billion. Intercity trucking involves less than 10 
per cent of all trucks, however. When we add to all 
this the daily work of the other 90 per cent of our 


Uninsulated nickel stainless steel tank trailers are widely used 
for safe and contamination-free hauling of corrosive liquid 
chemicals. The gleaming trailer shown here was made by 
Butler Manufacturing Company in Minneapolis. 
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trucking fleet, trucks of the farm and those at work 
in our towns and cities stocking our stores or deliver- 
ing the laundry, we can appreciate the full economic 
impact of the industry. 

The key to this almost universal reliance on the 
truck, of course, is that, in addition to being a mode 
of transportation in itself, it is really an extension of 
all other modes of transportation. Many commodi- 
ties that move most economically over long distances 
by rail, water or pipeline still require truck service at 
either end of the line haul. A familiar example is the 
tank truck, which eventually delivers virtually all 
petroleum products no matter how they are origi- 
nally transported. 


Changing Patterns of Transportation 


The dramatic changes in freight transportation of the 
past few decades have been brought about by a num- 
ber of technological, social and economic develop- 
ments. A few years ago transportation was largely 
concerned with the movement of raw materials. 
While this is still basic, today ever-increasing quanti- 
ties of manufactured and processed goods are shipped 
to nationwide markets. Many of these products did 
not even exist five or ten years ago. New industries 


1 This 5,600-gallon, single-compartment insulated tank has a 
Type 304 nickel stainless steel inner shell and an outer jacket 
of Type 302 nickel stainless steel. The Heil Company, Mil- 
waukee, designs corrosion-resistant, easy-to-clean nickel stain- 
less steel tank trailers for transporting a wide variety of car- 
goes, ranging from milk and other foodstuffs to liquid chemi- 
cal and petroleum products. 


2 The familiar tractor and semi-trailer are most commonly used 
for intercity trucking in the United States and Canada. All 
transcontinental haulers use this equipment. In the West, three- 
unit combinations (tractor and two semi-trailers) are becom- 
ing increasingly popular, but most Eastern states restrict 
lengths to 50-feet and do not permit them. 


3 Cooperation among various modes of transportation not only 
strengthens the entire common-carrier industry, but is the 
only way to develop the efficient national transportation sys- 
tem required by a dynamic economy, William G. White, 
president of Consolidated Freightways, Inc., notes in his 
article. An example of intermodal cooperation in action is 
shown here. It is not uncommon for trailers of motor carriers 
to share cars with those of railroads in piggyback service. 


and new factories have sprung up to meet the chal- 
lenge of the electronic age, and they have demanded 
transportation services suited to their products and 
their marketing techniques. The rapid growth of the 
frozen food business, for example, has led to new 
techniques of insulating trailers, improved mobile re- 
frigerating equipment, including use of liquid carbon 
dioxide or nitrogen as refrigerants, and the formation 
of truck lines devoted exclusively to serving this 
industry. 

The population explosion, coupled with the exodus 
of families from our great cities into suburbia, has also 
had a tremendous impact. Commerce and industry 
have joined the move in increasing numbers, until the 
decentralization of industry has become a major 
problem for our urban planners. 

Vital to this trend and certainly responsible for 
much of the growth in trucking is the fact that high- 
ways have followed the shift of freight business. A 
recent survey showed that more than 25,000 Ameri- 
can communities with no other form of transporta- 
tion rely entirely on truck service to supply their 
needs. 

Modern technology and design are trending toward 
long, single-story plants for efficient production lines 


...the shipment of components to regional plants for 
final assembly ...location of plants or distribution cen- 
ters in accordance with market studies rather than 
raw material availability. All of these innovations re- 
quire more land and flexible transportation. They 
have meant increasing emphasis on less-than-truck- 
load shipments and fast delivery. 


Carriers Must Innovate 


Motor carriers have met the new demands by devel- 
oping new types of equipment and handling systems, 
often in cooperation with specific customers. Recent 
innovations include various means of palletizing or 
unitizing containers of various sizes and types, mech- 
anized and semiautomated freight docks, conveyor 
sorting systems, simplified documentation and tele- 
type billing. Not every new development is equally 
useful in all situations, and the successful carrier 
adapts to meet the particular needs of his operation 
and his customers. 

Understandably, one of my favorite examples of 
how a trucker’s perseverance in filling a need can 
have wholly unexpected results and lead in fact to 
an entirely new business is that of our subsidiary, 
Freightliner Corporation. In this case the need was 


for a truck that would be shorter and lighter and at 
the same time have the power to pull maximum loads. 
The only way to get such equipment at the time was 
to build it yourself, since the market appeared too 
small to warrant experiment by major manufacturers. 
The resulting lightweight cab-over-engine design 
proved so efficient and popular that the small sub- 
sidiary originally established to make it for the parent 
company has become an important truck manufac- 
turer in Jess than 15 years. 

At the same time, the railroads and water carriers 
have not lagged in developing more efficient means 
of moving raw materials. Larger rail cars and super- 
tankers, better motive power and improved handling 
facilities have all resulted in an ability to transport in- 
creased tonnage at less cost. The railroads have also 
made constructive efforts to improve the movement 
of manufactured goods through such developments 
as piggybacking and containerization. Piggyback 
loadings increased nearly 10 per cent in the first six 
months of 1964 over the same period of 1963, an in- 
dication of the continuing success of these efforts. 


Coordination With Other Modes 


The trucking industry has grown and come of age 


4 In the industrialized and populous areas of Canada, trucking 
operations are almost identical with those in the United States, 
the author reports. Flatbed trailers with side racks and tarp 
such as this one, operated by Canadian Freightways Ltd., are 
frequent sights on both U.S. and Canadian highways. in the 
background is the Calgary, Alberta, skyline. 


5 The Fruehauf Trailer Division’s Volume* Van employs nickel 
stainless steel in its side panels, front walls, roof bows and side 
rails. Even when transporting corrosive cargoes, the stainless 
unit has at least three times the life expectancy of any other 
material developed for trailer construction, according to 
Fruehauf. 


6 This 5,700-gallon tank, transporting milk in Wisconsin’s dairy 
country, was made by Stainless & Steel Products Co., St. Paul. 
It is an insulated tank, with nickel stainless steel both inside, 
to safeguard the milk from contamination, and outside, to 
keep it looking bright and clean for years to come with a 
minimum of maintenance. 


7 This lightweight nickel stainless steel tank trailer was designed 
and built under International Nickel’s sponsorship. The tank 
can be easily and quickly cleaned, making it ideal for a great 
variety of corrosive liquid cargoes. Since the prototype was 
introduced some two years ago, hundreds of such tanks have 
been built. 
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because of its ability to adapt to changing needs. No- 
where is this more apparent than in its willingness to 
work with other modes of transportation to provide 
a better or more efficient service to the public. There 
is no one mode of transportation that is superior in all 
respects. Each is necessary, and each has a contribu- 
tion to make. Cooperation among them not only 
strengthens the entire common-carrier industry, but 
is the only way to develop the kind of national trans- 
portation system needed by our dynamic economy. 
In my opinion, we have only begun to exploit the 
possibilities in this direction. 

Perhaps the most publicized and familiar of these 
applications are the trailer-on-flatcar and container- 
on-ship movements, commonly known as piggyback 
and fishyback. There is actually nothing new about 
these concepts, but it is only in recent years that they 
have achieved prominence. Piggybacking gives the 
railroads more flexibility and, at the same time, pro- 
vides opportunities for coordination of service be- 
tween trucks and rails in a way that recognizes the 
inherent advantages of each. My own company has 
piggyback arrangements with nearly 20 railroads and 
moves thousands of trailers a year by this means. 

The Alaska Division of Consolidated Freightways 
typifies both the scope and versatility of truck serv- 
ice and the benefits of intermodal cooperation. We 
utilize both ship and rail to transport van containers 
to Alaska destinations. We also provide a daily over- 
land service from Seattle via the Alaska Highway. 


This is a premium service for freight requiring faster 
delivery than can be achieved by water. Considerable 
freight for non-highway points in Alaska is exchanged 
with airlines at Anchorage and Fairbanks. 

In addition, the Division operates the longest truck 
mail haul in the United States, and probably the 
world, over this same route. Daily overland mail serv- 
ice from Seattle to both Anchorage and Fairbanks, 
more than 2,500 miles, is maintained at a scheduled 96 
hours. Although both commercial and passenger traf- 
fic over the Alaska Highway is steadily increasing, 
there are still 1,500 miles of gravel road to be nego- 
tiated, a constant challenge to men and equipment. 


Canadian Border No Barrier To Trucks 


Trucking in Canada is in most respects similar to that 
in the United States except for the regulatory situa- 
tion. Although the Federal government has the au- 
thority to regulate motor carriers, it has left this field 
to the provinces. The result is an absence of rate regu- 
lation. 

In the industrialized and populous areas, trucking 
operations are almost identical with those across the 
border. Canadian and U.S. carriers readily exchange 
both shipments and equipment at the border, trans- 
porting a large volume of international freight. 

One of the more interesting aspects of Canadian 
trucking has been its opportunity to participate in 
the opening up and development of the Far North, 
particularly the Northwest. Here, trucks have pushed 
far beyond railhead to bring in the supplies and equip- 
ment needed to sustain the mines, oil fields, construc- 
tion and other economic activity of this vast and rich 
area. The experience of our Canadian counterpart, 
Canadian Freightways Ltd., indicates that the real 
growth of Canadian trucking has only just begun. 

Today, business is placing more emphasis on trans- 
port economics than ever before. This applies to each 
method of transport as well as the entire field of 
product distribution. It is easy to see why this is true 
when, from a dollar standpoint alone, transportation 
accounts for about one-fifth of our gross national 
product. 

I have touched on a few of the newer concepts and 
techniques of transportation. They may be only an 
introduction to what lies ahead as new products and 
new technologies come into being. Change and inno- 
vation—whether it is helping to design a portable 
steel mesh container to improve the protection and 
handling of small shipments or developing off-high- 
way equipment for 200,000-pound loads—have always 
been the lifeblood of the trucking industry. We can 
be certain that trucking, true to its tradition of via- 
bility in the past, will not stand still in the future. 


HERE 
TODAY... 


This experimental 
gas turbine truck, 
—s-96 feet long, with a 
gross combination 
weight of 170,000 
pounds, is like no 
other truck in use 
_ today. It has been 
‘ _ developed by the 
wet Ford Motor 
Company to meet 
transportation 
requirements 
anticipated in 
the 1970’s. 
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A TRUCK 
FOR 
TOMORROW 


TT Ford Motor Company has unveiled a new 
long-haul truck which it expects will have a pro- 
found influence on the entire trucking industry. This 
experimental tractor-trailer unit is like no other truck 
being used today. 

A 600-horsepower gas turbine engine is the power 
plant. 

The truck can travel, fully loaded, at speeds of 70 
miles per hour for more than nine consecutive hours, 
or some 600 miles, on a fuel capacity of 280 gallons. 
It uses ordinary diesel fuel. 

The whole unit is 96 feet long and is of “double- 
bottom” design, incorporating two trailers. Its gross 
combination weight, including about 50 tons of pay- 
load, is 170,000 pounds. The tractor weighs 20,000 
pounds and stands 13 feet high—a height equal to that 
of the trailers. 


The spacious cab interior, designed for two-man 
operation, is seven feet wide and six feet, 3.5 inches 
high. The cab features lounging and sleeping accom- 
modations, a toilet and sink, a stove and cooking 
facilities, a refrigerator, a television set, a storage 
closet, a fold-away table, reading and cove lights, 
built-in dispensers for liquids, and wall-to-wall car- 
peting. It is pressurized and is equipped with heating 
and air conditioning systems. 

Easily the most luxuriously appointed piece of 
workaday machinery of this type ever displayed, the 
prototype truck recently completed a successful 
cross-continent tour (from Los Angeles to Boston to 
Toronto and then to Detroit) of more than 5,000 
miles. 

The truck will not, however, be mass-produced 
immediately. This type of vehicle, according to Ford, 
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is designed to meet the transportation requirements 
of the 1970’s, when a 41,000-mile national superhigh- 
way network is scheduled for completion. The net- 
work—now more than 41 per cent complete—will 
link 90 per cent of United States cities with more 
than 50,000 population. 

At that time, Ford predicts, a new era of trucking 
will begin—with a new breed of truck. It will be pos- 
sible, for the first time, to plan in terms of truly long- 
distance non-stop hauling. The road system will have 
the capacity to accommodate gigantic trucks which 
will pull trailers at passenger-car speeds. These trucks 
will travel on the superhighways almost exclusively, 
making use of terminals near exits to uncouple trail- 
ers for local delivery and to pick up new ones. 


Why a Gas Turbine? 


In developing a truck for such use, Ford engineers 
believe a gas turbine engine is the logical competitor 
to the long-established diesel engine. In truck appli- 
cations, the gas turbine is exhibiting advantages in 
both initial and operating costs. There are several im- 
portant reasons for this. Turbines are more efficient 
when operating at near-constant speed—the general 
rule in long-distance hauling. Another factor is the 
difference in installed engine weight. The gas turbine 
in the Ford experimental truck is approximately one- 
third the weight of a comparable diesel engine. This 
makes a difference of some 2,000 pounds of payload. 

In addition, a gas turbine engine requires no liquid 
cooling system and does not “burn” oil or suffer oil 
contamination. The engine exhibits excellent torque 


Precision cast of alloy 713LC, this high pressure turbine 
(right) and compressor wheel play a key role in the perform- 
ance of Ford’s supercharged gas turbine engine. Alloy 713LC 
is particularly suited to integral precision-casting of integral 
turbine wheels. 


characteristics for heavy vehicle propulsion and has 
superior cold-start capability. It is characterized by 
relatively clean exhaust products and exceptionally 
low vibration and noise levels. Noise tests run 50 feet 
from the passing truck indicated a noise level of 55 
sohns—the same as that of a passenger car. Because 
the gas turbine features light bearing-loads and no 
sliding surfaces, longer engine life (up to 500,000 
miles) between major overhauls can be expected. All 
these characteristics are being demonstrated in Ford’s 
experimental truck. 

The power plant, called the Ford 705 gas turbine 
engine, is, of course, the very heart of the unit. The 
engine is a result of an intensified and extensive re- 
search program. Design and development of the en- 
gine was initially undertaken as a jointly funded pro- 
gram between the Ford Motor Company and the 
United States military. While the experimental truck 
is obviously not a military vehicle, the information 
and data obtained from testing is to be made available 
to the Army. 

A compact unit, the 600-horsepower engine is only 
49 inches long, 44 inches wide, and 38 inches high. Its 
total weight is only 1,474 pounds. The power plant 
is, uniquely, two engines in one. Two accessory power 
takeoffs, capable of delivering 45 horsepower, serve 
as a fuel-saving standby power plant. These act as a 
power source for refrigeration machinery or various 
power assists while, essentially, only half the engine 
is running. The engine, moreover, consists of five 
separate assemblies—all of which can be easily re- 
moved from the main engine assembly for servicing 
or replacement. The unit includes a five-speed auto- 
matic transmission with a retarder. 

The supercharged engine is of the two-stage com- 
pression, intercooled, reheat regenerative cycle type. 
A vital feature, and an important design breakthrough, 
is the supercharging. This is accomplished by incor- 
porating two stages of compression—a principle con- 
sidered by turbine engineers as most difficult to de- 
velop and apply. Only advanced digital and analog 
computer techniques, Ford engineers say, made it 
possible to solve the complex aerodynamic and con- 
trol problems in this design. 

Supercharging is credited with greatly improving 
turbine performance. It enables the engine to use less 
air, maintain excellent fuel economy throughout its 
operating range, and to employ smaller parts running 
at high speed. One part, the high-pressure compressor 
turbine wheel, spins at 75,500 rpm—rotating the blade 
tips at supersonic speeds. 


Challenge to Materials 


It is obvious that the operating stresses on the mate- 


rials chosen for such gas turbine components are 
necessarily very high. The choice of the best possible 
materials was, then, of major significance. Signifi- 
cantly, all materials used by Ford are commercially 
produced and readily available, and most have been 
successfully used in related applications. 

In this field, International Nickel has made at least 
one substantial contribution. Alloy 713LC, a high 
nickel alloy recently introduced by International 
Nickel, is probably one of the most important mate- 
rials in the development of the Ford 705 gas turbine 
engine. 

Certainly Ford engineers agree that this is so. The 
alloy has received unqualified praise from Ford de- 
sign engineers. Without alloy 713LC, they say, suc- 
cessful development of the engine would have been 
most difficult. 

The new alloy is particularly suited to precision- 
casting of integral turbine wheels—and, as has been 
pointed out, these are crucial components. It pro- 
vides excellent ductility and strength in the highly 
stressed heavy hub sections which operate at rela- 
tively low temperatures and also provides the high- 
temperature strength required for turbine blades. 
This combination of properties has made possible the 
design of lightweight high-speed turbine wheels to 
aid engine efficiency and performance. One-piece in- 
vestment casting, requiring a minimum of machinery, 
also helps to cut production costs. 

In the Ford 705 gas turbine engines, alloy 713LC 
castings are used extensively in vital components such 
as the high pressure turbine rotor and compressor 
rotor, the first- and second-stage turbine wheels and 
the power turbine wheel. 

These components get severe treatment. The high 
pressure turbine, for example, not only rotates, at full 
load, at 75,500 rpm but is also exposed to gas tem- 
peratures up to 1,750 degrees F. The low-pressure 
compressor and turbine operate at 36,600 rpm at full 
load. 

The new alloy is a low-carbon version and a modi- 
fication of the established alloy 713C. These alloys 
are patented and produced under license from Inter- 
national Nickel. Alloy 713LC contains 74 per cent 
nickel, 12 per cent chromium and other alloying 
elements such as molybdenum, aluminum and colum- 
bium. The nominal carbon content js 0.05 per cent 
and the iron content is kept as low as possible. 

Alloy 713LC is not, of course, the only nickel alloy 
specified. Quite a few nickel alloys are used through- 
out the gas turbine engine to help provide optimum 
engine reliability and performance at minimum cost. 

HASTELLOY* alloy C, an established material 
(containing 56 per cent nickel) developed by Union 
Carbide Corporation, plays a major role. Readily 


*Trademark, Union Carbide Corporation 


HIGH-PRESSURE TURBINE COMPRESSOR SHROUD DIFFUSER and 
SCROLL & NOZZLE COMPRESSOR SCROLL HOUSING 
HASTELLOY alloy C Ductile Iron 
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PRIMARY COMBUSTOR 
HASTELLOY alloy X 


TURBINE 
NOZZLES 
and SCROLL 
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POWER TURBINE 
Alloy 713LC 


LOW-PRESSURE COMPRESSOR 
TURBINE WHEELS 
Alloy 713LC 


RECUPERATOR MATRIX 
Type 347 Stainless Steel 


BEARING and DIFFUSER HOUSING 
Ductile Iron 


This cutaway drawing of the Ford 705 gas turbine engine 
shows some of the critical components of the engine which 
rely on nickel alloys. One of the most vital materials is alloy 
713LC, developed by International Nickel. Without this alloy, 
Ford engineers say, development of the engine would have 
been most difficult. 


castable, resistant to oxidation and corrosion attack, 
strong and ductile, HASTELLOY alloy C has gone 
into many important components of the engine in 
both cast and wrought form. Components in the 
high-pressure spool of the engine, such as the turbine 
nozzle, scroll assembly, turbine wheel shroud, spool 
diaphragm seal and nozzle ring plate, are made of 
HASTELLOY alloy C. The alloy is also used in the 
low-pressure spool assembly for the first- and second- 
stage turbine nozzles and the first- and second-stage 
turbine shrouds. The power turbine nozzle, shroud 
and scroll assembly are also specified in this nickel 
alloy. 

Ductile iron, a ferrous casting material produced 
under patent license from International Nickel and 
combining the strength and toughness of steel with 
the castability of cast iron, is used extensively for cast 
housings, particularly for those which operate at 
moderately elevated temperatures or are required to 
absorb shock loads. Ductile iron is used for housing 
such assemblies as the high-pressure turbine, the 
upper and lower diffusers in the low-pressure spool 
assembly and the power turbine and reduction gear 
box. 

Despite their evident emphasis on engineering de- 
tails and careful selection of materials, the engineers 
did not overlook one other most important character- 
istic of the truck. It is simple to drive. Any truck 
driver can easily operate it. 

The engine is started completely automatically. 
Basic controls are similar to those of any present-day 
vehicle. The experimental truck has a footrest and 
retarder pedals to the left of the driver, and a brake 
and accelerator pedal to the right. The driver uses 
an electric gear selector switch to shift gears to the 
one desired, and uses the retarder and brake pedals 
to slow down and stop. 


HIGH-PRESSURE COMPRESSOR and TURBINE 
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LOW-PRESSURE COMPRESSOR 
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Docking and third-stage 
separation of Saturn V, 
the rocket which will 
send the Apollo 
spacecraft to the moon. 


The hands of the dial point to zero; 
APOLLO a button is pressed. Within the 
towering Saturn V rocket, a gas 
MIDWAY generator ignites, its exhaust di- 
rected against the blades of a tur- 


bine wheel. Inertia overcome, the 


TOW ARD wheel turns, and with it the shaft 
and blades of a twin-stage, double- 

volute turbopump. Turning at 

APOGEE 6,000 revolutions per minute, the 
pump draws from cavernous stor- 


age tanks one ton per second of special kerosene fuel and 
two tons per second of liquid oxygen to feed the thrust 
chambers of five powerful F-1 rocket engines. In an instant, 
a flicker of light grows to a blinding 5,000-degree F flame; 
there is a shattering roar, and seven million pounds of thrust 
lift the 3,000-ton rocket from its pad. The four billion-year 
bond of earth has been broken and man has begun his first 
lunar journey. 

If all goes according to schedule, this momentous event 
may occur sometime in 1969, some eight years after Presi- 
dent John F. Kennedy established the moon trip as a na- 


tional objective for this decade and 43 years after 
Robert H. Goddard, the American rocket pioneer, 
fired the first liquid-fuel rocket. 

Project Apollo—the incredibly complex undertak- 
ing of placing man on the moon and returning him 
safely to earth—is well advanced. The science fiction 
of yesterday is about to become reality. The moon is 
within man’s grasp; the flight plan has been logged. 
Close-up photographs of the moon taken by Ranger 
VII last summer have been interpreted by most ex- 
perts as confirming general scientific belief that the 
lunar surface is firm enough to support men and their 
space vehicles. The project has reached the stage 
where astronauts are being trained in lunar craft ma- 
neuvers. Twenty-seven men are at present in astro- 
naut training. From this number, three will be chosen 
to make the initial round trip to the moon. 

Project Apollo is far and away the biggest and 
most complex of the current manned space flight 
projects. It would hardly be an exaggeration to say 
that practically the entire industrial, scientific and 
technological capability of the United States has been 
or will be, in one way or another, called upon to help 
attain the goal. It is expected that 20,000 companies, 
large and small, and 300,000 people will have partici- 


pated in Project Apollo by its completion. The 
Apollo spacecraft alone, exclusive of the Saturn V 
rocket which will send it to the moon, will represent 
the contributions of thousands of subcontractors. 

It is impossible to avoid superlatives in describing 
the project. The 3,000-ton rocket will be assembled 
in a specially built structure, the world’s largest 
building, by volume, and it will be transported to its 
launch pad on that big day to come by one of the 
world’s largest ground vehicles. And here’s still an- 
other superlative. Representing an expenditure that 
has been estimated at $20 billion, it is believed to be 
the costliest single project ever undertaken by the 
United States. Even from a purely monetary view- 
point, every U.S. citizen has a huge stake in its success. 

The culmination of all of this effort will be an eight- 
day, 500,000-mile trip. Briefly, here are the travel 
arrangements for that historic journey. The Apollo 
spacecraft will be launched by Saturn V, first into 
earth orbit and then on to the moon. Saturn V, the 
most powerful rocket package under continuous de- 
velopment in the world, consists of three stages, 
designated in their order of fire as S-IC, S-II and 
S-IVB. It is the job of S-IC to lift the entire 3,000-ton, 
360-foot-tall package from the launching pad and 
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accelerate it to a high speed. In approximately two 
and a half minutes, S-IC will have exhausted its fuel 
supply, and will be automatically jettisoned. At the 
same time, the launch escape system, which would 
be used to carry the astronauts away from the pack- 
age in case of malfunction, will be jettisoned. Then, 
S-II will fire and hurl the package toward earth orbit. 
Nine and one-half minutes after lift-off, S-II will also 
have exhausted its fuel supply and be jettisoned, and 
the S-IVB will take over, placing itself and the space- 
craft in earth orbit. During earth orbit, all systems 
will be thoroughly checked to insure proper func- 
tioning; then > IV 'B will re- -ignite to send the Apollo 
spacecraft on to the moon. All the preceding activity 
will occur within 90 minutes after lift-off. 

At the head of the S-IVB rocket will be the space- 
craft, consisting of the Command Module (C/M), 
which has housed the astronauts thus far during the 
voyage; the Service Module (S/M), containing an 
engine, propellant and the power supply, and the 
Lunar Excursion Module (LEM), the two-part “bug” 
which will land on the moon. En route to the moon, 
an adapter between the S/M-C/M assembly and LEM 
will be automatically removed. The S/ M and C/M 
will then detach as a unit from LEM, turn 180 degrees 
by means of small control rockets, and re-attach to 
LEM. This maneuver will be executed so that two of 
the three astronauts can enter LEM from the C/M. 
When the operation is completed, the S-IVB rocket 
will be jettisoned. The engine of the S/M is now 
pointing toward the moon and will be used to slow 
the spacecraft’s speed, thus av oiding an overshoot 
and, at the same time, enabling the spacecraft to 
achieve a 100-mile- high circular lunar orbit. 

LEM is then separated from the Command Mod- 
ule, which remains in orbit with one astronaut 


aboard. LEM’s engine is briefly ignited, causing the 
module to establish an elliptical orbit which will take 
it to within 10 miles of the moon’s surface. When 
LEM is at this altitude, its engine will again ignite to 
thrust the module out of orbit for descent to the 
lunar surface. 

The astronauts wili remain on the moon fora period 
of time ranging from four to forty-four hours de- 
pending upon several factors, including the number 
of orbits made around the earth en route to the moon, 
as well as advances between now and 1969 in life- 
support equipment. During their stay on the moon, 
the astronauts will collect samples of rocks and dust, 
set up scientific instruments to gather a variety of 
data and make visual observations of their lunar 
environment. 

At departure time the astronauts will board LEM 
and ignite its ascent engine. LEM will detach from 
its landing stage which will serve as a launching pad. 
Upon entering an elliptical orbit around the moon, 
LEM will, automatically and by astronaut control, 
close in on and attach to the Command Module. The 
two astronauts will then rejoin their companion in 
the Command Module, which will detach from LEM. 
The latter will be left in lunar orbit while the Com- 
mand Module, powered by the Service Module’s en- 
gines, will speed back to earth. 

When the final flight pattern has been attained, the 
Service Module will separate from the C/M. The 
Command Module will re-enter the earth’s atmos- 
phere and be gently parachuted to earth. The Serv- 
ice Module will either become a spectacular meteor 
as it re-enters the atmosphere or remain in space, aim- 
lessly circling the earth. 


Unprecedented Obstacles 


Quite obviously the obstacles presented by this daring 
voyage into the unknown will be greater than ever 
before encountered. Factors such as temperature ex- 
tremes, vibration, noise, meteor impact and various 
types of radiation will demand the best of materials 
and technology. Fortunately, the best of both is avail- 
able. Ninaberes among the fine materials, selected for 
the lunar voyage after careful study and research, is 
nickel in its pure and alloyed forms. From the thrust 
chamber of the F-1 engines to the tip of the launch 
escape system...from fuel pumps to electrical storage 
batteries. ..nickel will be present to impart strength, 
resistance to heat, cold and corrosion, and other vital 
physical and chemical properties to help insure a os 
sound and successful trip. 

There are hundreds of components in the Saturn V 
and Apollo spacecraft that rely on nickel materials, 
principally _ nickel- containing alloys. The high- 


NICKEL Below is a listing of some of the 
IN components of the Saturn V and 


Apollo spacecraft where nickel is 
Be icR T used as an alloying element. Far 


from complete, the tabulation will 
nevertheless give an idea of the tremendous range 


A sintered nickel powder electrode for a fuel cell power plant is 
inspected with a binocular microscope. A fuel cell power plant of 
the type used in Apollo is made up of many individual cells, each 
consisting of two electrodes such as the dish-like object shown 
here. The electrodes are separated by an electrolyte—potassium 
hydroxide. Hydrogen is fed to one electrode, oxygen to the 
other. Electrical energy is produced by a chemical reaction 
between hydrogen and oxygen in the presence of the electrolyte. 
A by-product of this reaction is HO, pure drinking water which 
will be used by the astronauts during the voyage to the moon 


of tasks confronting this versatile element. 


PART 


Tube bundles in thrust chamber 

Turbine disc and manifold for fuel pump power 
Turbine blades 

Gas generator components 

Fuel injector head and dome 

Engine seals and thrust chamber support bands 
LOX inductor 


THE F-1 
ROCKET ENGINE 


THE J-2 
ROCKET ENGINE 


one is used in the S-IVB stage.) 


Thrust chamber tubing 
Injector head and dome 
Turbine disc and blades 
Fuel ducting 

Gas generator 


Tubing 

Hydraulic and pneumatic pressurization lines 
Actuation systems 

Flexible bellows on fuel lines, expansion joints 


THE S-IC 
STAGE ROCKET 
CASING 


Skin structure 
Pressure vessels 
Various fasteners 
LOX bottle 


COMMAND 
MODULE 


Brazed honeycomb insulation (structural heat shield) 
Reaction control system, including valves, injector 


domes and outside can of rockets 


LAUNCH ESCAPE \ Nose cone 
SYSTEM Escape motor case 
Interstage structure 


SERVICE MODULE OX bottle 


Reaction control system valving and piping to 300 psi pressure 


Fuel tanks 

Fuel lines 

Valving in fuel system 
Descent engine skirt 


LUNAR 
EXCURSION 
MODULE 


strength properties of nickel, under conditions rang- 
ing from ultra-high temperatures to cryogenic cold, 
are perhaps best exemplified in the F-1 engines of the 
S-IC stage. As indicated, five F-1 engines are used 
during lift-off, and will power the Saturn V and the 
Apollo spacecraft to an altitude of 40 miles. Gases in 
the F-1’s 20-foot-long, 12-foot-diameter thrust cham- 
ber reach 5,000 degrees F, nearly half the tempera- 
ture of the sun’s surface. Since no present alloy is 
capable of withstanding such heat for any length of 
time, designers of the F-1 provided a built-in regen- 
erative cooling system that lowers the temperature 
of the thrust-chamber walls to 1,000 degrees—well 


and back. 


NICKEL MATERIAL 


Nickel-chromium alloy X-750 

A nickel-chromium alloy 

Alloy 713C (a nickel-chromium alloy) 
Type 347 nickel stainless steel 

Alloy X-750 

Alloy X-750 

Nickel-copper alloy K-500 


(The J-2 engine develops 200,000 pounds of thrust. 
Five J-2 engines are used in the S-II stage of Saturn V; 


Type 347 nickel stainless steel 
Nickel-chromium alloy 718 

A cobalt-chromium-molybdenum-nickel alloy 
Alloy 718 

Type 321 nickel stainless steel 


Austenitic nickel stainless steel 

Type 321 and Type 304L nickel stainless steels 
Type 321 and Type 304L nickel stainless steels 
A nickel-chromium-molybdenum alloy 


A precipitation hardenable nickel stainless steel 
Alloy 718 

An iron-nickel-chromium alloy 

Alloy 718 

A precipitation hardenable nickel stainless steel 
Type 321 and Type 347 nickel stainless steels 


A nickel-chromium alloy 
An iron-nickel alloy 
Type 301 nickel stainless steel 


Alloy 718 
Type 347 nickel stainless steel 


An iron-nickel alloy 

Type 304L nickel stainless steel 
Type 347 nickel stainless steel 
A nickel-iron-cobalt alloy 


within the safety limits of the wall material. The prin- 
ciple of operation of the cooling system is not unlike 
that which is used in the automobile engine. How- 
ever, instead of using water to carry away heat, the 
F-1 chamber uses the engine’s special kerosene fuel. 
The fuel is circulated from the tank through 1%- 
inch-diameter tubes that are joined together by pal- 
ladium-containing brazing alloys to form the thrust- 
chamber wall. By circulating the fuel through the 
tubes, the chamber walls are cooled. At the same 
time, the fuel is heated, thus making it more com- 
bustible when it passes from the tubes to the engine's. 
injector head where it is mixed with liquid oxygen 
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he “tubular- -type wall does more than circulate 
<erosene fuel. Its design also meets the requirements 
for containing the tremendous pressures generated by 
an engine that develops 1,500,000 pounds of thrust. 
An intensive study for a tube material that would 
withstand both the temperature and pressures re- 
sulted in the selection of INCONEL alloy X-750, a 
nickel-chromium alloy developed by International 
Nickel for high-temperature service under corrosive 
operating conditions. The high-strength properties 
of this alloy permit design of thinner wall-section 
tubes, resulting in a minimum of weight. Thinner 
tubes also provide a lower wall temperature on the 
inside of the chamber, even though their thermal 
conductivity is lower than that of some other mate- 
rials considered. 

Another notable high-temperature application of 
nickel alloys is in the turbine wheel and its manifold 
—the power plant for the fuel pumps. As the turbine 
wheel revolves at 6,000 revolutions per minute, it is 
subjected to cyclic temperatures up to 1,800 de- 
grees F, as well as to centrifugal strains. For the tur- 
bine wheel (which delivers 60,000 horsepower) and 
manifold, a nickel-chromium alloy is used to provide 
adequate strength for high operating pressures and 
elevated temperatures. Hundreds of tests of the F-1 
turbopump assembly have successfully demonstrated 
the soundness of the design principles and the mate- 
rials used. 

It is in the handling of liquid oxygen (LOX) that 
nickel demonstrates its superior strength at cryogenic 
temperatures. For example, the LOX dome of the 
thrust chamber, which provides distribution of the 
liquid oxygen to all areas of the injector and thence 
to the firing chamber, is made of an alloy containing 
a high percentage of nickel. This material, INCONEL 
alloy X-750, was selected for reasons over and above 
its cryogenic strength. The dome is the focal point 
for the transmission of the thrust of the F-1 through 
the gimbal bearings to the vehicle. In other words, it 
is the point where the 1,500,000-pound thrust of each 
engine meets its apportioned weight of the 6,000,000- 
pound Saturn V and Apollo spacecraft. 

Nickel alloyed with iron, chromium, and a variety 
of other metals is used in numerous other applica- 
tions in the F-1 engine. Among these are engine seals; 
thrust-chamber support bands; the forged dome atop 
the combustion chamber; the turbine housing for the 
fuel pumps; piping; duct work, and in fasteners, bolts 
and tubing. 

Aside from its alloys, nickel will also be present in 
other forms on man’s first trip to the moon. To cite 
one example, the fuel cell power plants, which will 


provide from 500 to 2,000 watts of electricity for the 
spacecraft, will have pure nickel electrodes. The po- 
rous electrodes, made from nickel powder, are similar 
to those used in the nickel-cadmium batteries that 
have given us portable power for scores of household 
appliances. 

On the ground, as well as aloft, nickel finds many 
applications.in Project Apollo, so many, indeed, that 
they will be the subject of a subsequent article. Huge 
tanks and pipelines for the storage and transport a 
liquid oxygen and liquid hydrogen, for example, use 
nickel-containing cryogenic materials. Nickel alloy 
steels are used in the launching tower for Saturn V. 
And various apparatus for testing equipment and sys- 
tems, such as the 15-ton stainless steel vacuum cham- 
ber containing a simulated Apollo crew compart- 
ment, rely on alloys containing nickel to contribute 
strength under tremendous atmospheric pressures. A 
project as ambitious as Apollo requires, as our next 
article will show, an awesomely intricate ground- 
support system. 

Vast and complex as it is, however, Project Apollo 
may one day be considered merely a sort of Colum- 
bus’ voyage in the history of space exploration. In 
future years, when man steps across even greater dis- 
tances than those separating earth from the moon, 
larger and exceedingly more sophisticated spaceships 
will be under his command. Solid and liquid fuels 
may be replaced by atomic energy and perhaps even 
the energy of light. It is difficult to visualize what 
shape these spaceships will take or the boundaries of 
their probes. Of one thing, perhaps, we can be rela- 
tively certain. Their designers and builders will still 
be using the basic elements that we know today, and 
nickel will still be helping to blaze trails through 
space. 

An Apollo engineering test Command Moduleis hoisted from 
the Gulf of Mexico to determine its stability in water. The 
heat shield, which will entirely cover the Command Module 
that makes the lunar trip, will be constructed of 50 panels of 
brazed nickel stainless steel, covered by an ablative material. 
When the Command Module re-enters the earth’s atmosphere, 


the ablative material will burn off, thus dissipating most of the 
5,000-degree F heat generated by the module’s high speed. 


“Every effort is being made to introduce nickel into 


new fields and to extend its use in old lines...The re- 
sults have been gratifying; about 12,000 tons of nickel 
steel rails, 3% per cent nickel, have been purchased 
by the American railways...Seamless drawn tubes, 
containing a high percentage of nickel, have been 
successfully manufactured...it is quite probable that 
within a very short time nickel steel will be largely 
used in bridge construction.” 

These words and the concept they articulate—ex- 
pansion of the market for nickel by creating and 
broadening markets for mickel-containing materials— 
are as old as International Nickel. Indeed, the quota- 
tion comes from the organization’s very first annual 
report, for the year 1902. 

The idea of a primary producer selling his product 
by promoting the sale of others’ end products was a 
daring one in 1902. It is still—over 60 years later—not 
a run-of-the-mine approach to marketing by amining 
company. 

When that first annual report was published, only 
about 10 million pounds of nickel were marketed an- 
nually. At that time nickel was used primarily for 
plating and in coins. Today, over 600 million pounds 
of nickel are used each year in stainless and alloy 
steels, plating, ferrous and non-ferrous foundry prod- 
ucts and in more than 3,000 different alloys. 

Technological advances in all industries have, of 
course, greatly contributed to this impressive growth 
in nickel consumption over the years. So, too, has 
scientific research on nickel and its alloys. From met- 
allurgical laboratories have come a continuing stream 
of nickel-containing products for industrial and con- 
sumer-goods applications. 

Less heralded, perhaps, than the contributions of 
the research scientists have been those of the market 
makers. At International Nickel, it is their job to de- 
velop new applications in which nickel-containing 


materials will offer economic advantages over other 
materials either in terms of lower initial costs or long- 
term savings resulting from longer life, less mainte- 
nance or a more pleasing appearance and, hence, 
greater sales appeal. But their job does not stop there. 
They also assist industry in applying nickel-contain- 
ing materials to both new and established products, 
and, finally, they often help promote the sale of the 
products in the market place. 

Making markets for nickel is a bit different from 
making markets for canned soups or automobiles. The 
ultimate consumer is in most instances many times 
removed from the nickel industry, for nickel reaches 
the consumer market not as a pound of nickel but as 
an integral part of a product in which it has very 
often completely lost its identity. Thus, there are 
many “customers”: the immediate customer (the 
company purchasing nickel to make an alloy steel or 
to plate bumpers or whatever); his customer (the 
manufacturer who purchases the nickel-containing 
material), and occasionally even his customer's cus- 
tomer (the retailer who sells the products made of 
this material). International Nickel’s market devel- 
opment program is, then, not one of assistance merely 
to direct customers but to all nickel users. 


Global in Scope 


This program of building nickel markets by assisting 
nickel users with advice on materials, technical help 
and promotional support is worldwide in scope. In- 
ternational Nickel and its distributors have offices 
and technical personnel in key industrial areas from 
New York to Tokyo, from Melbourne to Dusseldorf, 
from Toronto to Sao Paulo. Whether he is in Chicago 
or Bombay, Zurich or Johannesburg, the market de- 
velopment man is a specialist with a high degree of 
expertise. 

Wherever possible, market development personnel 


new 
markets 


new 
industries 
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International Nickel’s application engineers, specialists in every industry which 
is served by nickel, meet regularly to discuss market development strategy and 
to review potential markets for nickel-containing materials. They work closely 
with industry and act as advisers on technical and marketing problems. 
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in a geographic area or country work as an autono- 
mous department. Their activities, however, are co- 
ordinated with the entire organization’s efforts. For 
example, in the United States—the world’s biggest 
market for nickel—such duties are carried out by over 
50 men in the market development department. 

Spearheading its activities is a group of application 
engineers in the New York office. Each application 
engineer is a member of a team which specializes in 
and is directly responsible for guiding and directing 
market development activity in a particular industry. 
Industries receiving special attention include aircraft 
and missiles, architecture; consumer products, pow- 
er; chemical; electronic; passenger automotive; con- 
struction and machinery, shipbuilding and marine, 
petroleum and the various process industries. 

The application engineer’s duties may include help 
to a nickel user’s marketing and technical staff; pro- 
viding engineering information to a local or national 
technical society; giving advice—including engineer- 
ing specifications and data—to new-product manu- 
facturers, or providing marketing information for a 
new or existing product line. 

He may uncover opportunities for the laboratory 
development of a new nickel material, a new and 
more economical manufacturing process or even a 
new product. Or perhaps the result of the application 
engineer’s assistance may be a better use for a nickel- 
containing product or a better, cost-saving produc- 
tion technique and thus a better, cheaper product for 
the final consumer. 


Men in the Field 


The market development department in the United 
States, to use this market area as an example, also has 
personnel working out of eleven district offices in 
key industrial areas. These offices represent Interna- 


tional Nickel locally in almost all matters concerning 
nickel in their respective geographical areas. 

The district office representative has a broad 
knowledge of materials and industries and his inter- 
ests range over the whole industrial complex in his 
locality. He serves nickel users by providing techni- 
cal and marketing help. He acts, in many cases, as a 
source of ideas for product and market development. 

There is an uninterrupted flow of information and 
ideas between district office representatives and ap- 
plication engineers. The combined talents of the de- 
partment help to determine marketing plans for 
immediate action, plans for the next five, 10 or 15 
years and to propose marketing objectives even far- 
ther into the future. All major market-development 
activities, however, are reviewed and approved by a 
market development committee headed by the man- 
ager of the market development department and 
composed of representatives from various other de- 
partments. 

The primary responsibilities of the committee are 
to guide the activity through which existing nickel- 
containing products will achieve new and greater 
markets by way of serving the consumer better. At 
the same time, in such a market-oriented atmosphere, 
the ideas which help to produce new products to 
meet new needs are also born. Furthermore, partici- 
pation in the committee by various departments helps 
to foster a market and customer orientation on the 
part of personnel throughout the entire organization. 

Priority marketing plans—there are some 100 of 
these at the present time, all calculated to increase 
nickel use—receive immediate attention. Before each 
one is formally adopted as a marketing objective, 
however, before application engineers, district office 
men and all pertinent departments proceed to imple- 
ment the plan, the groundwork is carefully laid 
through market research and analysis. The market is 
evaluated, the materials used are studied and the com- 
petitive position of likely nickel-containing materials 
is assessed. Only when it is concluded that a nickel 
material may prove advantageous is a plan formu- 
lated. If the plan involves a new material or a new 
product design, essential technical data, based on 
product research, are prepared. 

Armed with such pertinent information, market 
development personnel can offer a particular manu- 
facturing industry data based on market research, 
technical help, and cooperation in publicity and ad- 
vertising. 

Market development personnel continually work 
as well on smaller-scale projects which do not re- 
quire such extended effort but which are important 
nevertheless. Marketing and technical aid to users 


and potential users of nickel is always available. The 
emphasis of this assistance is always on better ways to 
produce better nickel-containing products that will 
also, in the long run, bring a better profit for the pro- 
ducer and a better buy for the consumer. 


Marketing Plans 


One example of success with the marketing plan ap- 
proach is the development and acceptance of 9 per 
cent nickel steel. This steel is now widely used for 
containers for storing and transporting liquefied gases 
under pressure at extremely low (cryogenic) tem- 
peratures. 

The need and potential market for such a product 
were predicted many years ago as the economic ad- 
vantages of storing and shipping gas in liquid form 
became evident. In the development of the new sci- 
ence of cryogenics, it became apparent that a large 
potential market existed for an economical material 
of exceptional toughness and strength at tempera- 
tures as low as —320 degrees F. Nine per cent nickel 
steel, a product of International Nickel’s research lab- 
oratories, met these criteria. Welding and fabricating 
techniques for the steel were perfected and research 
data on the alloy and the right to make it were turned 
over to steel producers. 

Efforts did not stop there, however. With the co- 
operation of a major steel producer and a fabricator, 
a dramatic demonstration of the properties of large 
cryogenic containers made of 9 per cent nickel steel 
was presented before potential users and code-body 
factors. They were given performance records, cost 
data, and information on the best ways to employ the 
new steel to attain long-range economies. As a result, 


the steel was approved for use by the ASME in the 
as-welded condition, without stress relieving, down 
to —320 degrees F and it has gained wide use in han- 
dling liquefied gases in the United States and Europe. 

Another example is the development of a light- 
weight nickel stainless steel tank trailer. In this case, 
however, no new alloy had to be invented. Instead, 
an improved use for an established material was 
evolved. The specialists recognized a market would 
exist for a lighter and stronger tank trailer for trucks 
which could, at costs competitive with other materi- 
als, withstand a variety of corrosive cargoes and at 
the same time could be quickly and easily cleaned to 
ensure interchangeability of payload. 

One experimental unit was designed and built un- 
der the sponsorship of International Nickel. It was 
competitive in cost with other tank trailers and car- 
ried equal payloads for more than a year and 70,000 
in-service miles. Today, some two years later, hun- 
dreds of tank trailers based on the original concept 
are being built for the trucking industry in North 
America and overseas. The original unit, incidentally, 
continues in active service. 


Members of International Nickel’s U.S. market development committee meet to analyze marketing plans and to outline im- 
portant projects. Headed by the manager of market development, the committee includes representatives of key departments. 
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D evelopment International Nickel’s district office 
r) representative studies a test rack of 
Men in the metals atop a building in Los Angeles. 
Performance data garnered from such 
Fy ] d test racks in various parts of the world 
1é are important to builders and architects 
in choosing proper construction mate- 
rials. 


A nickel alloy propeller on a tugboat 
is examined and its in-service perform- 
ance in a corrosive environment evalu- 
ated. Information on performance of 
nickel alloys gathered by research Sci- 
entists and market development per- 
sonnel is made available to industry. 


Engineers inspect a model condenser installed in a large oil refinery at Yorktown, Virginia. Liaison 
with the petroleum industry has led to the development of many improved materials, such as copper- 
nickel alloys for condenser tubing, by International Nickel’s development and research staff. 

2 a we = a wwe = % 
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Literally out in the field helping create new markets for nickel, a scientist 
from International Nickel’s Toronto office examines the improved condi- 
tion of wheat in a test plot which has been treated with a nickel-containing 
rust fungicide currently under development. He is flanked by professors 
from the University of Manitoba’s Department of Plant Science. 


International Nickel sponsors conferences and symposia as a 
means of disseminating technical and scientific information on 
nickel and nickel-containing materials. This scene is from a 
London symposium on austenitic cast irons, which was at- 
tended by representatives of the chemical, petroleum, electri- 
cal, aircraft, marine and agricultural industries of 10 countries. 


Sine 


a-half 


Neck-deep in their work, application engineers help to 
sheathe wooden piling with a nickel alloy sheet to protect 
it from marine organisms. Such assistance to industry and 
to nickel consumers is offered readily by market develop- 
ment specialists. 


Hard hats are not uncommon headgear for mar- 
ket development personnel. Here, a specialist 
from International Nickel’s office in Toronto is 
on the construction site as the new City Hall 
rises. With him are the project and supervising 
architects. The Toronto City Hall features 
nickel-stainless steel window framing and mul- 
lions, louvers and entrances. 
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At Monte Croce, on the heights overlooking Genoa, a demon- 
stration was held recently to show the excellent behavior of 9 per 
cent nickel steel at cryogenic temperatures. International Nickel’s 
technical manager in Italy (left) is shown here discussing the 
nature of the fracture with engineers after the cryogenic vessel 
had been tested to destruction at a pressure more than six-and- 


times greater than its design pressure. 
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An important new market for nickel stainless steel is represented by 
these graceful light poles. Promoted by International Nickel’s market 
makers, the one-piece octagonal poles are being installed on city streets 
in Canada, the U.S.A. and Europe. Those shown above are located 
in the Canadian National Exhibition grounds in Toronto. 


Similarly, International Nickel’s market develop- 
ment engineers are promoting acceptance of strong, 
lightweight and attractive nickel stainless steel light 
poles. The lighting standards are virtually mainte- 
nance-free, which can mean significant savings in the 
long run for taxpayers. Several cities in North America 
and elsewhere have already installed these poles. 


None of these projects, it should be noted, involves 
nickel in its primary form. The marketing activities 
are concerned solely with products utilizing nickel- 
containing materials. 


Other Means of Developing Markets 


Development of new applications and new designs 
is not the only concern of International Nickel’s 
market development staff. It also devotes much effort 
to manufacturing techniques to which nickel is espe- 
cially adaptable. Development of new techniques and 
improvement of established ones has been of consid- 
erable help to manufacturers, particularly to small 
companies. This assistance to small business has led 
to several major markets for nickel. 


One such market may prove to be electroforming. 
An established technique for producing an object by 
electrodeposition of a metal on a removable mold (or 
mandrel), electroforming has for many years been 
used for manufacture of industrial parts which, fre- 
quently, could not be formed economically in any 
other way. 

Its promise, however, has never been sufficiently 
exploited for consumer items, International Nickel’s 
market development men feel. The technique’s unique 
capacity for reproduction of exact detail and finish, 
for production of intricate design, for achievement of 
close tolerances, make it ideal for economic manufac- 
ture of a variety of goods. These include beautifully 
detailed hollow ware, coffee percolators, wall switch 
plates, nameplates and even large items such as wash 
basins. In fact, all of these items are now either in the 
pilot stage of manufacture or already on the market 
as a result, in no small part, of concerted development 


effort. ow ; 
Another promising target at which market devel- 


opment has taken aim is the whole field of cordless 
electrical appliances. The rechargeable nickel-cad- 
mium battery promises to revolutionize the concept 
of electrically powered household appliances. These 
cells have already made their impact on the space 
and electronic industries. Their impact on the con- 
sumer market has just begun; International Nickel’s 
market development staff is working vigorously in 
this area. 

Even from the few examples cited here, it is appar- 
ent that nickel’s capacity to serve industry and the 
consumer is vast indeed. All evidence seems to sub- 
stantiate the belief that past progress and success with 
the metal give but an inkling of future achievements. 
If nickel’s full potential is to be realized, however, 
much will depend upon the continued success of the 
market makers. 
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One of India’s great achievements since she gained 
her independence in 1947 has, ironically, become the 
source of many of her economic problems. Improved 
sanitation and the effective control of such diseases as 
malaria which were once wholesale killers have re- 
sulted in a substantially reduced mortality rate. More 
people are living longer. At the same time, the birth 
rate has continued to climb. At 40.9 per thousand 
(compared to 18 per thousand in Western Europe 
and a rate of 21.6 in the United States), India’s birth 
rate is one of the highest in the world. India’s popula- 
tion today has been estimated at as high as 475 million 
—and it is making a net gain of almost 12 million 
annually. 

With her population growing at such a rapid pace, 
it is obvious that India’s herculean efforts to raise the 
living standards of her masses and modernize her 
economy have availed less than they might otherwise 
have. This is not to say that progress is not being 
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made. The difficulty is with the rate of progress. 

As a result—to get the increased capital required 
by India’s development program—there has been of 
late in Government circles a marked interest in en- 
couraging private business. Last spring, for instance, 
Finance Minister T. T. Krishnamachari told the In- 
dian Parliament that incentives should be offered to 
attract private investors from abroad. At that time 
he said, ‘““We should especially welcome foreign in- 
vestment in the shape of equity capital, which not 
only brings with it technical know-how and mana- 
gerial skills, but has a special advantage of not adding 
to the heavy and growing burden of debt payments.” 


Building The Economy 


Ever since 1951—a year after adoption of the consti- 
tution which established a republican form of gov- 
ernment—India has been attempting to speed up the 
pace of her economic growth through a series of five- 
year plans. A study of the two plans already com- 
pleted and of the third one which will be concluded 
in March 1966 reveals that the encouragement of pri- 
vate capital is not a sudden shift. A more favorable 
attitude toward the private sector has been evolving 
over the years. Such a study will tell us not only 
about the past; it may also reveal something of the 
future. 

By comparing the achievements of the first two 
plans against their original targets and by observing 
how the pattern of the plans changed as time pro- 
gressed, we can get an idea of what the future trends 
in India’s industrial development might be. 

Changes in the distribution of outlay in the public 
sector between the first and the second plans are sig- 
nificant. In the first plan, more importance was at- 
tached to agriculture and irrigation. Also, attempts 
were made to strengthen the basic foundations of the 
economy by increasing power output and by im- 
proving transport and communications. In the sec- 
ond plan, great stress was laid on basic industries, such 
as steel and heavy machinery, as well as on further 
improvement in transport and communications. 


In spite of a greater tax effort to raise internal re- 
sources for the second plan, a large increase in exter- 
nal assistance was needed. The greater requirements 
of foreign exchange for the second plan were mainly 
due to the shift in emphasis towards basic heavy in- 
dustries, which necessitated large-scale importation 
of capital equipment. 

During the first ten years of planning, the record 
of growth was not uniform. The first plan was ex- 
ecuted more or less smoothly, but in the very first 
year of the second plan, availability of foreign ex- 
change became an acute problem. Taking the decade 
as a whole, the picture is one of over-all progress. 
The national income increased by almost 50 per cent 
during the ten years, but due to a big increase in pop- 
ulation the per-capita income appreciated by only 16 
per cent. Agricultural production recorded a sub- 
stantial growth and certain basic industries made 
rapid strides. 

The pattern of financing for the current plan is 
assumed to consist of almost $11.2 billion, or 72 per 
cent, from internal resources and over $4.6 billion, or 
28 per cent, from foreign assistance, compared to a 
90-10 ratio for the first plan and 76-24 for the second. 
This points up the importance attached to the devel- 
opment of domestic industries and also, as a conse- 
quence, the necessity for increased external financial 
assistance to pay for capital equipment imported for 
these industries. 

During the course of the third plan,the country 
has been exposed to a serious threat to national secu- 
rity resulting from the Chinese invasion. The imple- 
mentation of the plan has been greatly affected by 
this development. Before assessing its progress and 
discussing the future avenues for economic develop- 
ment, it is essential to analyze certain broad trends in 
foreign trade, foreign assistance and foreign invest- 
ment which affect the realization of the plan’s targets. 


Balance of Payments 


India’s exports and imports of selected commodities 
for the years 1948-49 to 1961-62 are given in two ac- 
companying tables. India has long depended on a few 
traditional commodities for her export earnings. Jute 
manufactures, cotton manufactures and tea account 
for some 50 to 55 per cent of total exports. Vegetable 
oils, raw cotton, hides and skins (raw and tanned), 
metallic ores, spices and cashew kernels make up 20 
to 25 per cent. Over the last five years light engi- 
neering goods have emerged as a new export com- 
modity, but they have not made any significant con- 
tribution to the over-all picture. As far as the imme- - 
diate future is concerned, it is difficult to envisage any 
significant changes in the pattern of exports. 

The pattern of imports has undergone considerable 
change from the pre-plan period to 1961-62, the last 


year for which complete data are available. ‘To a great 
extent the change in the structure of imports illus- 
trates the accent on the development of basic heavy 
industries. he imports of capital goods as a category 
increased sharply by as much as 136 per cent over the 
ten-year period 1950-51 to 1960-61. Within this cate- 
gory, machinery increased by 134 per cent and “met- 
als—iron and steel and manufactures” by more than 
300 per cent. Raw materials in total imports declined, 
thanks to an improvement in the local supply of cot- 
ton and jute. In the field of consumer goods, the im- 
port of food grains continued at about the same level. 
But consumer durables showed a decline, due mainly 
to the very restrictive policy followed by the Gov- 
ernment for this category of imports. 

The balance of payments has been under pressure 
during all these years since it is closely tied with the 
trade balance. To a certain extent, the pressure has 
been relieved by external assistance and investment. 

The regional pattern of foreign trade over the 
years is important since changes in this pattern may 
indicate the direction in which India’s trade is likely 
to move in the future. The share of four trading areas 
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in India’s import-export business is shown by per- 
centage figures in the table below: 


Regional Pattern of Foreign Trade 


Exports f.0.b. Imports c.i.f. 


Sterling area 


Dollar area 


0.E.E.C. countries 10% 


Rest of non- 
sterling area 


15% 22% 


Source: India’s Balance of Payments by Reserve Bank of India. 


‘Trade between India and the sterling area has de- 
creased progressively, while the dollar area has in- 
creased her exports to India. There has been a steady 
increase in imports by India from countries of the 
Organization for European Economic Cooperation 
(since replaced by the Organization for European 
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Symbolic of India’s economic emergence is this modern petro- 
leum refinery in Bombay. In 1951, India launched the first of 
a series of five-year plans to speed up the pace of her eco- 
nomic growth. 


Economic Cooperation and Development) and the 
rest of the non-sterling area. If the last two groups 
are further analyzed to delineate the European Com- 
mon Market and the East European countries, in- 
cluding the U.S.S.R., it is clear that trade has consid- 
erably increased between India and these groups. 


imports of Selected Commodities (in millions of dollars) 


A. Capital Goods 


The Nickel Information Bureau Private Limited in Bombay 
is one of many International Nickel offices throughout the 
free world. It provides technical counsel and information to 
India’s nickel-using industries. 


In the beginning of the first five-year plan, India had 
a fairly comfortable balance of payments position due 
to large sterling balances accumulated at the end of 
World War II. Imports were not regulated to any 
great extent then. With the increase in the tempo of 


1. Machinery 5 
2. Metals—iron & steel 
- & manufactures 

3. Metals—other 

4. Transport equipment — 
(incl. locomotives) 

Raw Materials 

1. Mineral oils 

2. Cotton, raw and waste 

3. Dyes and colors — 

4, Chemicals (excl. 
chemical manures and 
medicines) 

5. Raw jute 

C. Consumer Goods 

1. Electrical goods and 


id 


apparatus DAD 29 fe 204 ZV Tm 34.3088 242s ecGeee lOO seit 32.05 0n 00:4) eee Omen 2004 132.6 
2. Drugs and medicines 16:65 21616). 20'8 SPAY sce dled 5 Adore) te ARVO IIe SUS S47 86 AR 19 6 20 Anes 23.8 
3. Rayon textiles (arti- 
ficial silk yarn & 
piecegoods) 29-3) ee8 Orns 2.0) 18.3, Sli sl eee ee 2s ae O16 39:2 2238" G22 eee onl eee Ole 26.9* 
4, Paper, pasteboard, etc. SZiAy ee2 ea a2 31429) /a 25,0 2018) |e AS PRY GRE ANG ston = ZS = 75) 8) Sol 
5. Foodgrains (grain, pulse 
and flour) 213.7. 281.7 = 169.3 4848 3274 1343 143.8) 36.8 U7 A 27:6 er SON oes L 4 temo eleo 203.8 
D. Other 286.1 275.8 269.9 415.8 - 255.6. 284.4 346.7) -530:5 ~~, 495.8). .5]4.1.5356,6), 404.2. 287.7 234.3 


Source: India’s Director General of Commercial Intelligence and Statistics. 
*Includes art silk thread. 
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industrialization and with the importation of capital 
equipment on a large scale, the second five-year plan 


: pee Percent- 
ran into an exchange crisis in the very first year. The age in- 
matte cae oe | crease 
Government then introduced a very restrictive im 1950. | 1955 | 1960- in’61 
port policy and banned the imports of all non-essen- Item Unit 51 56 61 over '51 
tial and luxury-type consumer goods. Even for capi- : se 
tal goods, the Government preferred imports under National income Millions of 
specific grants and credits. This import policy is at 60-61 prices | dollars 21,558 | 25,537 | 30,526 42 
likely to continue for many years to come since for- | _ Population Millions 361 | 397 438 21 
eign exchange viability cannot be easily achieved in Sopeite hen 
a short time. at’60-61 prices | Dollars | 597] 643 | 69.4 16 
The Government has appreciated the urgent neces- Index of agricultur- 
sity for the promotion of exports and has taken sev- al production 1949-50—100 96] 117 135 4l 
eral measures in this connection. Export duties have Index of industrial 
been steadily removed or reduced, while export production 1950-51=100) 100) 139 | 194 94 
quotas have been liberalized and restrictions on ex- Production of: 
ports to certain destinations have been lifted. Rebate Steel ingots Million tons 14] 17 3.5 150 
on import duty on raw materials and components Sulphuric acid Tons 99 | 164 363 | 267 
used in the manufacture of goods to be exported is Petroleum products) Million tons Be 5 By, a 
allowed. | Coal Million tons | 32] 43 | 107 | 234 
a To . Power: installed 2 
Foreign economic assistance to India has taken sev- __ Capacity Million KW | 23) 34 3.7 ms 
eral forms. There have been grants, loans repayable Source: Plan Statistics. 


Exports of Selected Commodities (in millions of dollars) 


B. Raw Materials or Intermediate 


Goods 
1. Jute manufactures 308.6 267.4 240.0 568.8 272.4 + 239.6 260:6), 249.1 ~°250:9 233.7 21319) 281.4 2846 302.5 
(a) Gunny bags 1229/5 1134.3 116.2 2848-1293) 84:8 1198) 14 110s 1034" 783). 84-4 120.8 128.2 
(b) Gunny cloth 169.9 120.4 110.7 262.3 * 132-86 14618 131-6 eZee oe 28 01194 126s 1377 ee o6iG 167.6 
(c) Others eye re auras see pil VA err alles) 8.6 9.3) 10.5 122 eae O29 8.8 9.3 Te 6.7 
2. Hides and skins, tanned 26 ete ie 53:3 Bb A2.o OL Om ards wee eA ARO Adie 39:61 04.0) 52.4 53.3 
3. Hides and skins, raw TUB el 4 vane 202 7 Oe Orme el ae buena Scie gL T26 ape LAS ener ef eee ee 20.0) 17.5 
4. (a) Manganese ore Sp ES salle ite) Sein Pe MeO eS BLAZE boa VG) Be eye each yl Mas amie. = ade) / 21.9 
(b) Iron ore = = 0.42 2.1 Wha Wea 8.8) 13.3 TOG fe 2450220, 6 eee s0.9202 35.8 36.8 
(c) Other ores = 4.2 3.2 AAS e702 9.5) 12.8 1A Ae OV eet 2s 20:2 me Lcd 18.1 
5. Raw cotton 29: Sen 22.3 ueme LOLS 28:8) ey AOLO anes 0 Guar 2-110) oes o Zoe SORE OS aL SeeeSS 30.1 
6. Cotton waste 1077 eal 3 see eon 156 5 202ee 20: Sta 2 ome 20.4, VA Gea 2c6 9.3 6.1 8.4 
7. Vegetable oils 22.9 2216.0) 08.3 AO 7s 560 0:3 eee: iene 2A SZ Cee Sr SO eo Loan TG 12.2 
8. Oil seeds TAs (ed oP oor7: Sf 8.6 3.4 7.6 74 O21 02140 esha 8.8 
C. Other 9999 290i 2909). 393.0. 208.c. 2odl 2e0:4i) 3381 S427" 298.7 1 S401) 352.4. 367.4 434.5 


| 
Total. —O6s N65 5 
| ‘Total: J69./ 1069.9 


Source: India’s Director General of Commercial Intelligence and Statistics. 
*Excludes exports of silver to U.S.A. in fulfillment of lend-lease obligations. 
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in foreign currencies, loans repayable in rupees and 
short-term assistance from the International Mone- 
tary Fund to assist the balance of payments. Surplus 
agricultural commodities have been made available 
by the United States on rupee payment, and loans 


and grants have been given from such counterpart | 


funds. Deferred credit has been allowed by several 
machinery suppliers. Technical assistance has been 
available on a fairly large scale. From the middle of 
the second five-year plan, foreign assistance has been 
an integral part of the economy. It is now recognized 
by all concerned that without sizable external assist- 
ance, the country cannot sustain her development 
from export earnings alone. 

Even more valuable than foreign assistance in the 
development of the Indian economy, the Govern- 
ment has realized, is private foreign investment in the 
form of capital or equipment. Several measures have 
been taken recently to attract private foreign invest- 
ment. An investment center has been opened in New 
York to provide information to prospective investors. 
Several tax concessions have been made to foreign 
investment in the recent budget. Further, the Gov- 
ernment has affirmed that India will guarantee the 
safety of investments and returns thereon and that 
India does not regard nationalization of industry as a 
goal. Moreover, the Government has entered and is 


willing to enter with other countries into programs to 
guarantee against non-convertibility and expropria- 
tion. 

The Future 

India, in the midst of her third plan, is already en- 
gaged in outlining the targets for her fourth five-year 
plan. It is postulated that the outlay in the fourth plan 
will have to be at least twice that of the third plan to 
insure a steady increase in national income. 

It is probable that some of the targets originally 
outlined in the current plan may not materialize due 
to some current problems like the unforeseen large 
outlay in defense, pressure on prices, and lag in agri- 
cultural production. But these difficulties are ex- 
pected to be overcome in the course of time. 

It is recognized that the foreign exchange require- 
ments of the country will continue to be a problem 
for some years to come and the trade policy of the 
country will be influenced accordingly. Priority will 
be given to imports of capital goods, components for 
running the existing machinery and finally raw ma- 
terials that are not indigenously available. Imports of 
consumer goods will be severely restricted. 

The fundamental aim of planning in India is to 
raise living standards. Massive capital imports are nec- 
essary for this purpose. These imports will have to be 
financed by export earnings, capital loans’ from 
abroad, gifts and foreign investment. Importance is 
attached in the plan to programs of industrial devel- 
opment to effect import savings. This does not mean 
that in the course of five, ten or 15 years the import 
requirements of India will decline. On the contrary, 
it is likely that as the economy moves towards higher 
stages of development new types of imports will be 
necessary to sustain the progress. 

In the drive for rapid development, the economy 
of the country is bound to be afflicted periodically 
with stresses and strains. Ultimately, however, India 
expects to emerge with a standard of living compara- 
ble to other highly industrialized countries. She looks 
forward to the day when she will take her place as a 
vigorous partner in international trade. 


something really different 


Last summer on this page, we showed the nickel-cadmium battery at work in industry. Now we present this rechargeable, 
long-lived source of portable power as it serves on the domestic scene. 


Rechargeable nickel-cadmium batteries, which have made possible a wide gamut of conveniently cordless electrical 
appliances, have also come to the assistance of the harried shopper who’s looking for a gift that’s ‘‘really different.”’ 
A few of the latest products that combine both novelty with practicality are pictured here. They are but a snippety 
sampling from a large—and still expanding—assortment. 


For toys, flashlights, portable radios, 
recorders and a variety of other appli- 
cations, here are D-cell nickel-cadmium 
batteries that can be recharged over 
and over again. Nickel-cadmium bat- 
teries are reliable and durable power 
sources which minimize the continuing 
problem of replacing batteries. Re- 
charging equipment is simple, and 
can be built into the electrical device 
or used separately, as shown here. 
This set is sold by a leading battery 
manufacturer. 


The pater familias can execute his 
carving chores with aplomb if he’s 
lucky enough to wield an electric slic- 
ing knife. The General Electric Cord- 
less Knife shown here weighs, with 
batteries, less than two pounds. The 
power is provided by nickel-cadmium 
batteries which are automatically re- 
charged when the knife is put into the 
storage rack. 


mS sae ae 

“She shall have music wherever she 
goes...’’ and in stereo, at that! The 
“Voyager” cordless stereo phonograph, 
by V-M, the Voice of Music, operates 
continuously for a minimum of six 
hours, without the need for recharging, 
on a nickel-cadmium battery. The bat- 
tery restores itself to full capacity dur- 
ing an overnight charge. A slow 
“trickle’’ charge will keep the battery 
at full capacity while the instrument is 
playing from the normal house cur- 
rent. The four-speed machine, with 
battery, weighs only 25 pounds. 


For more about nickel-cadmium This cordless electric shoe polisher, 
batteries and a list of the leading just introduced on the market by Em- 
battery manufacturers, write for pire Brushes, Inc., is powered by three 
the booklet ‘‘Key To A Cordless small rechargeable nickel-cadmium 
World.’’ Address: batteries. It is the main feature of a 


10-piece shoe care set that includes a 
battery recharger and pairs of daubers, 
brushes and buffers. 
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